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General. 


The Twenty-third meeting of the Indian Science Congress 
Association was held at Indore from January 2nd to 8th, 1936. 

The inaugiu'al meeting was held on Thursday, January 
2nd, 1936 at 6-30 p.m. in the King Edward Hall, Indore City, 
in the presence of the Patron, EQs Highness Maharajadhiraj 
Raj Rajeshwar Sawai Shree Yeshwant Rao Holkar Bahadur, 
G.C.I.E., Maharaja of Indore. Dr. P. Basu, M.A., Ph.D., B.L., 
Principal, Holkar College, Indore, Chairman of the Reception 
Committee welcomed the delegates in a speech and requested 
His Highness the Maharaja of Indore to open the Congress. 
His Highness opened the Congress with a speech and then the 
President of tho Congress Rai Sir U. N. Brahmachari Bahadur, 
Kt., M.A., M.D., Ph.D., E.S.M.P., F.A.S.B., F.N.I. delivered 
his address. 

The Sectional Peesidential Addbesses were delivered 

AS FOLLOWS :— 

Friday, 3rd Jamvary, 10 a.m.. Agriculture ; 11 a.m.. Medical 
and Veterinary ^search ; 12 noon, Psychology. 

Saturday, 4:fh January, 10 a.m.. Chemistry; 11 a.m., 
Physiology ; 12 noon. Zoology. 

Monday, %th January, 10 a.m.. Mathematics and Physics ; 
11 A.M., Geology and Geography ; 12 noon. Botany. 

Tuesday, Ith January, 10 a.m., Anthropology. 

Symposia and Joint Meetings of Sections were held 

AS FOLLOWS :— 

Friday, 3rd January, 11-30 a.m.-I p.m.. Discussion on ‘The 
Scope of Preparation of Fine Chemicals in India’, Section 
of Chemistry. 

Saturday, 4:th January, 11 a.m.-1 p.m.. Joint Meeting 
of the Sections of Agriculture and Medical and Veterinary 
Research to discuss ‘ The Making of Humus, and its 
Application.’ 

Monday, %th January, 11 a.m.-I p.m.. Joint Meeting of the 
Sections of Medical and Veterinary Research and Physio¬ 
logy to discuss ‘ The Problem of Nutrition in India 
11-30 A.M.-l P.M., Discussion on ‘ Utilization of Molasses ’, 
Section of Chemistry. 

Tuesday, 1th January, 10 a.m., Discussion on ‘ The Classi¬ 
fication of the Aroheean Rocks in India,’ Section of Geology 

( 8 ) 
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and Geography. 10 a.m.-I p.m., Joint Meeting of the 
Sections of Chemistry and Mathematics and Physics 
to discuss ‘ The Structure of Molecules 

Wednesday, ^th January, 10 a.m., Joint Meeting of the 
Sections of Botany and Zoology to discuss ‘ Biology 
Teaching in Secondary Schools 

Popular Lectures were delivered as follows 

Friday, Zrd January, 6-30 p.m., ‘ Science in Service of 
Indian Agriculture ’ by Sir B. C. Burt, Kt., C.I.E., M.B.E.. 
P.Sc., F.N.T., I.A.S., Vice-Chairman, Imperial Council 
of Agricultural Research, New Delhi. 

Saturday, Uh January, 6-30 p.m., ‘ Some Aspects of Indian 
Weather ’ by Dr. B.'N. Desai, B.A., LL.B., M.Sc., Ph.D., 
F.R.S.E., Meteorological Department, Karachi. 

Monday, Uh January, 6-30 p.m., ‘ The Reign of Chance 
in Present Day Science ’ by Dr. D. S. Kothari, M.Sc., 
Ph.D. (Cantab), Head of the Physics Department, 
University of Delhi. 

The following Functions and Entertainments were 
HELD IN Honour of the Members of the Indian Science 
Congress :— 

Monday, Uh January, 9-30 p.m., Variety Entertainments. 

Tuesday, Ith January, 4-30 p.m., Garden party given by 
His Highness the Maharaja of Indore. 

The following Visits and Excursions were arranged 
FOR Members of the Indian Science Congress :— 

Friday, 3rd January, 2 P.M.-4-30 p.m.. Excursion to the 
Institute of Plant Industry. 

Sunday, 5th January, Whole-day Excursions to— 

(1) Mandu, 

(2) Maheshwar, 

(3) Onkareshwar, 

(4) Ujjain. 

Monday, 6th January, 3 p.m., Excursion to Yeshwant 
Sagar Water Works. 

Tuesday, 1th January, 2 p.m.-4 p.m., Excursions. 

Wednesday, Uh January, 2 p.m.-4 p.m., Excursions. 

The Sectional Committees met at 2 p.m. on Thursday, 
2nd January, 1936. 
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The Council, met at 3 p.m., on Thursday, 2nd January, 
1936. 

The Executive Committee met at 12 noon on Thursday, 
2nd January (special meeting), and at 1-45 p.m. on Friday, 
3rd January, 1936. 

The General Committee met at 1-45 p.m. on Monday, 
6th January, 1936. 



Opening Proceedings. 

The Twenty-third Session of the Indian Seieiice Congress 
was opt^nod on Thursday, January 2nd, 1936 at 5-30 p.m. by 
His Highness the Maharaja of Indore in the King Edward H.all, 
Indore City, in the presence of a large gathering of delegates 
and visitors. The Clfiairman of the Local Reception Committee, 
Dr. P. Basil, welcomed the delegates and visitors in a speech 
as follows:— 

* Yonn HTfiuNnsSE-s, Ladies, and (tEntlemen, 

As Chairmfiu of the Reception Committee of the 
Twenty-third Session of the Indian Science Congress it gives mo 
great pleasure to extend a hearty Welcome to the delegates of 
the (Vmgi’ess assembled here to-night. ^Hiey represent the l>est 
men of science^ in India, many of whom have achieved distinction 
in helping to extend the bonmls of knovviedge in various branches 
of sciontitii* study and several of whom have established for 
themselves worldwide re^mtation for original research. I should 
not miss this op])ortunity of letting them know that Indore 
ju.-itJy feels jiroiid of having the honour of Welcoming such dis¬ 
tinguished scientists and providing a forum for them to discuss 
imt)ortant scientific discoveries to which they have so ably 
contributed. 

Ladies and gentlemen, when I talk of scientific discoveries 
I wonder how many of us ^iresiuvt here fully realizic the astonishing 
and bewildering changes which science luis introduced into our 
ideas about the nature an<l structure of the univ^erse of which 
we form a part. I am not a scientist nor even a student of 
science. But as average laymen we cannot but have an interest 
in what is going on around us. Scientific discoveries react upon 
the laymen whose ideas may not be quite accurate but which 
have or ought to have an interest even for the technical man. 
Science has made many things familiar to us and introduced 
vast changes in our ways of living. Tlie exact nature of these 
things is yet unknown and their ultimate structure is yet the 
engrossing subject of research. But science has been grappling 
with these problems with greater siuscess and ever increasing 
zest. Although the achievement of science has been extra¬ 
ordinarily great in the present century yet the final mystery has 
so far eluded its grasji. Pandora’s box is being attacked with 
increasing success and new wonders are being revealed to us 
almost every day. To the ordinary man unacquainoed alike 
with the highly specialized subjects of scientific study and with 
the evolution of the extremely delicate technique which is 
involved in scientific experiments the conclusions of physical 

( 11 ) 
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sciences would appear to be incredible but for the wide and 
numerous confirmations by their practical application in the 
affairs of daily life. The practical results of conversion of sound 
into electricity and its reflection back from the ionosphere as 
seen in broadcasting, of ultra-violet and infra-red rays for 
therapeutic and photographic purposes, and of radium in various 
medical uses as also in accurately estimating the age of the 
earth from the helium and lead content of deposits have immense 
value to all human beings. 

Physics with its complex mathematical formulae has trans¬ 
ported us to a stage where the new idea regarding the universe 
and its constituent factors is utterly strange to the traditional 
picture of the universe as it ap])ear8 to the senses. On the one 
hand it has (liscovered the operation of the basic forces of the 
universe and tells us that it is finite but expanding in space, if 
space has been left with any meaning now, and that yet in the 
geodesic revolutions it is infinite. Tt informs us that we are 
being continuously bombarded by the mysterious cosmic rays, 
the source, origin and nature of which are as yet only hazily 
comprehended but which obviously have tremendous influence 
on the life and conditions on earth. Daring but fruitful experi¬ 
ments have been successfully carried out by which, in quest of 
nature’s secrets, man has ascended fourteen miles above the 
surface of the earth. The imaginative stories of H. G. Wells 
which delighted us in our childhood no longer appear as fiction 
but threaten to be less romantic than the prov^en facts of the 
physicist. 

Looking, on the other hand, to the structure of the con¬ 
stituent element of the universe physics tells us that matter is 
nothing but frozen energy and that the much familiar yet 
mysterious ray is probably the basic factor of which the universe 
is composed. It is yet a moot point whether this basic factor is 
merely a wave or a particle or both. The old philosophical 
question whether we exist in the ultimate sense is raised again 
by the work of the scientist and w^ are no nearer the end of 
our perplexity when we are told that what we see are probably 
point events in a geometrical configuration, mere depressions in a 
vortex of energy. 

For long we knew matter as composed of elements and the 
elements as composed ultimately of atoms which were indivisible. 
Lockyer’s experiments with variations in the spectra of heavenly 
bodies and the law of periodicity raised doubts and indicated a 
more complex constitution of atoms. Even to-day the largest 
atom remains invisible even under the most powerful microscope. 
But it has been split up into parts which are a fraction,in several 
thousands of the lightest atom. These are of course invisible 
but the ingenuity of the scientist has had photographs of the 
passage of electron and revealed its behaviour as electricity by 
photographic picture of its deflectionunder the magnet. Without 
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understanding the technical arguments one can read with 
pleasure the romance of proton, electron, and photon and 
wonder with the scientist whether we have yet reached the core 
of the originally indivisible atom. 

In biology no less wonders have been achieved although 
they are less widely known. Darwinian theory of evolution has 
undergone considerable modification. Heredity and environ¬ 
ment have been studied in greater detail with reference to 
variation in the species. A new science of ecology has grow'n, 
the application of which is boimd to revolutionize man’s existence 
on earth. Whether in studying the extension, modification, or 
disappearance of species in plant or animal life ecology must form 
the basic study in future. Its practical application in many of 
the south sea islands has helped man to live moie comfortably 
over wide areas. 

In heredity the old traditional idea of the mixture of blood 
has long been exploded and now we are right in the midst of the 
intricacies of liereditary tnmsraission of chariicteristics as the 
scientist has passed from microscopic chromosomes to ultra- 
microscopic genes. They not only remain constant for the 
species but determine the minutest details of what are transmitted 
from the parent to the otfsjiring. Now we understand the reason 
why the great improvement in medical science has been unable to 
deal with hereditary diseases and has had to content itself 
mostly with what may be called contact diseases. Nature’s 
protective measure for genes has remained unpenetrated although 
its working through the principle of dominant and recessive 
characteristics has been revealed. The j)rogress of the science 
of eugenics is based wholly on the understanding and application 
of this principle. 

Another momentous discovery of biology is the function of 
the ductless glands. As a boy I read in my text-book that 
these were remnants of organs which in the course of evolution 
had lost their functions and had thus been reduced to mere 
accretions. To-day it is known as a certainty that hormones 
have a dominating influence on the whole life including mental 
temperament and character. Besides the gonad and adrenal 
glands the importance of the thyroid gland has been studied 
with some detail. But the pituitary gland wliich is just below 
the brain is suspected to be the most important of all glands, 
determining and co-ordinating the working of the body as a 
whole. Indeed it is probable that we shall soon start saying 
that the pituitary gland is life itself. One hundred experts from 
seventeen countries met at London last month specually to study 
this particular gland. There is no doubt that medical treatment 
will undergo a revolution if the exact functions of these glands 
can be properly understood and their working controlled. In a 
seiwe the (fiscovery of insulin has made man independent of the 
islets of Langerhans. 
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Tlie borderland of physiology and psychology is being 
successfully attacked, and mental phenomena are being scienti¬ 
fically studied as manifestations of the individual as a whole. 
Psycho-analysis has studied more deeply than any other science 
the working of human mind as manifested in types of thought 
and conduct. The explosive effect of the subconscious mind 
has for the first time explained the impulsive aspect of human 
conduct. As in Darw'inian theory of evolution so in Freudian 
theory of libido, too much ein])hasis is found to have been given 
to one aspect of the cause. Inhibition by repression in general 
rather than of one particular ty[>e is now known to be the 
dominating force in the subconscious mind. The main problem 
which now remains to be solved is the development of the 
technique of interpreting the manifestation of the subconscious 
mind as this ex])ression is in terms of the crudei' symbols by 
which the individual had been used to think or express himself 
in his childhood. The manifestation naturally varies according 
to the individual and more according to the social atmos])heie 
through which he ])assed in his childhood. But the j)rob!em is 
being successfully attacked where details of the individual’s 
early history are well known. Thorti is no doubt that in couivse 
of time our ideas both of education and of treatment of the 
delinquent and the criminal will undergo fimdamental changes. 

The so-called sjnriiual phenomena an; being st iidied experi¬ 
mentally and have, m several cases, been fouiul to be mental 
reactions to the cnvii’onment in conjunction with the subcon¬ 
scious mind. The simple jisychological reactions of man in 
conditioning, de-conditioning, and re-conditioning of reflexes 
have all been demonstrated in animals in the famous experiments 
of Pavlov. Similar exjjeriments bj'' Watson have been success¬ 
fully performed with the human child and the simpler phenomena 
of the child mind have been found to be very similar to those of 
Pavlov’s dogs. We need not yet trouble ourselves with the moi-e 
distant implications of behaviomism or impressionism which as a 
side issue has recently attacked the domain of man’s aesthetic 
expressions. But there is no doubt that psycho-analysis has 
progressed so far that it expects soon to be set up as a more or 
less exact science. The implication of this to man’s life is 
indeed great, much greater than even the scientist realizes. It 
can be found in some modem tendencies which appear to be 
somewhat pretentious as can be seen from the clinic of psycho- 
analysis, in one of the reputed centres of Europe, which purports 
to cure a woman of the mental disease called jealousy. 

It is not necessary for me further to pursue the picture which 
is growing in the mind of the average layman as a result of 
recent scientific discoveries. In less than a century conditions 
of human living have entirely changed. The means of locomo¬ 
tion differed only in degree and not in kind when Napoleon 
overran Europe and when Alexander or Csesar had marched out 



Opening Proceedings. 


15 


before him. The means of M^arfare in Napoleon’s time did not 
differ in kind from those at the disposal of Charles V. The 
man Si middle nineteenth century consumed mainly what his 
neighbourhood could produce. To-day the as})cct of things is 
entirely changed. Mechanization of industries has immeasely 
increased the materials at the disj)0sal of man. The old means 
of locomotion have been largely displaced by the maehme. 
Electricity and oil have introduced vast changes. Distance by 
land, air, and sea has been killed and the world has been knit 
together more closely than wln^-t neighbouring places tised to bo 
half a centuiy ago. Life has been made more comfortable and 
the peasant to-day lives in gn*ater affluence than, the king of the 
middle ages. Amenities of life are contmually growing. Human 
life is being saved in scores of millions through corporate measures 
for health and liygiene. Tn the applied scicnctw like industries, 
engineering, and medicine trcimuidous juogress has been made. 
Life to-day is healthier, mon; efficient, and more comfortable. 

Tn ordinary social life the increased amenities of life, 
ra])id means of communication, (conomic factors of a novel ty])e, 
and the charm and dignity of life in its material ]ilane have beam 
introduced with the application of scientitic prhvci])l(*s to the 
affairs of daily life. Tlu' net result is that the old machinery of 
social life has been suddenly thromi out of gear and a new one 
ha." not been set up. Tlierc is thus a maladjustment in human 
])ersonality which is yet to find its level and adjust it,self to its 
new environimiit. 

I-Tiore is a subtle as])ect in which the social dissolution has 
heen inaugurated by sci(mce. The ])roverb that the old order 
changoth yielding place to new was an euphemism before*, for 
man’s social organization was conservative to a high degree. 
Certain social factors have appeared to break down this con¬ 
servatism. But more in this direction has been the work of 
scientific discoveries than that of any other single force. Up to 
th(? nineteenth century science battled with religion and was the 
worse off in the affray. After Huxlej'^ science gave iij) the battle 
ill order to pursue more serious tilings but scientifiii method and 
scientific ideas have demolished the old religious and moral ideas 
dominated by a personal god. In this resjiect religion has failed 
to develop and fill the gap left by science. Copemican conce])- 
tion of the universe dislodged our earth from the central position 
which it had occupied under the Ptolemic system. In spiritual 
matters maji still remains the Ptolemic outlook and thinks himself 
to bo the pivot of the universe. Thus he allows himself to remain 
the central point of interest and care at the hands of a beneficent 
god. This is due to man’s vanity in considering himself as the 
most important item of creation. Science has proved i hat earth 
is a minor factor in the solar universe, the solar universe an 
ordinary part of the galactic system, and the galactic system is 
only one of millions and millions of such systems. Science has 
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also proved that the emergeitce of planets from a star is due to a 
conjuncture of exceptional circumstances, the freak emergence 
of life a still rarer exception, and the earth is only a dead spec of 
dust out of the ashes. If there is a god ■watching in his laboratory, 
is he anxious for the little ant that gads about in the discarded 
ash ? Is not life only a bye-product in that laboratory ? Religion 
has failed to rationalize itself in this direction. 

For loi^ scientific ideas have been isolated from religion by 
habit, tradition, and inertia. But scientific method is proving 
more potent than even scientific facts. The method of doubt and 
of conviction by positive proof, which science has borrowed 
from philosophy and the technique of which it has so well 
developed, was irreverently thrust into spiritual matters and has 
penetrated every branch of thought. Thus the strongest factor, 
which held society together, compelled man to behave toward 
himself, to his fellow-men, and even to the animal kingdom, 
which modelled thought, directed emotions, and controlled action, 
has been considerably weakened, leaving social expediency as the 
only guide to action and social decorum the only restraint on 
emotional expression. 

Beyond and above social adjustment there is another and a 
more subtle adjustment wluch remains to be made. Such an 
adjustment was never achieved in the past except in rare 
individual cases. This is the balance of human personality. If 
this is ever achieved it will be by science itself as well as its 
method when applied to the study of human psychology and 
human emotions. Biology, experimental psychology, and 
psycho-analysis will all be requisitioned in the service. Know¬ 
ledge of the laws of human mind must be applied in order to 
develop this equilibrium. Human mind in its existing conflict 
between the conscious and the subconscious as also in its more 
elemental forces vaguely called instincts must be analysed and 
co-ordinated. If there is such a thing as an urge in human 
life, what the great philosopher calls the eldn vital, the application 
of the laws of the relevant sciences must be in accord with and 
in the same direction as life’s urge. Although this urge may 
be fundamentally the same in all men, indeed in all life, yet its 
natural lines of development cannot bo the same for all. Its 
extent and direction are bound to vary at least with heredity 
and environment if not •with every indmdual unit. This must 
be properly studied and scientific measures adapted to each type. 
In order to be able to do so a condition precedent is that life 
and its subtler forces must be studied by the same dispassionate 
and objective method which science has applied to the study of 
the external world. This is more difficult than in the physical 
sciences, for here the researchw will have to battle with human 
passions and emotions which do not intrude into scientific 
studies and the existence of which acts as an obstacle to the 
application of scientific method. But if the science of life is to 
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develop into a real Bcience where forces are to l)e studied as they 
are in the physical sciences like ])hysic8 or chemistry and if the 
application of conclusions is to be as deliberate as in the apijlied 
sciences like medicine or engineering, the equilibrium in the 
develo{)ed human personality can only be achieved by ])atient 
work pursuing objective laws and eleminating all subjective 
aberrations. This is vital to man's future, for in the absence 
of such adjustment leading to intellectual and emotional balance 
he, like Faust, may win the world and yet bo damned. Biology 
and psychology seem to have already started on the way. Tlieir 
conclusions must bo applied by medical science and education, of 
vchich tne latter is hardly conscious of its fimction in this 
direction. 

One point must be emphasized before it is possible to 
d(weiop a real science of life. All human knowledge is pro- 
gi'essing by specialization. ^This is nec^essary as a sort of division 
of labour; also for concentrating attention along particular 
lim>s. The product of man’s int(<lloctual labour has immensely 
multijdied as a result of high specialization Now it seems 
im]30SHible that any om^ man will ever know the various branche.'j 
and sululivi.sions of human knowledge. The days of encyclo- 
l)iedist.s ap])eai to have goms for ever and no body tries to gain 
a couqireht'Usive insight into all the brtuiches of human knowledge. 
But if a real science of life is to bo developed and fruitfully 
applied toward efficient living the present state of leaving 
matters to chaucc must bo replaced by deliberate }»lamiing. 
This can bo done only when the preliminary work of co-ordinating 
and dovetailing the conclusions of the large variety of specialized 
study ha.s been successfully attempted. My impression is that 
this has not only not been tried but its importance for the future 
of man has not been realized. This is not the work of the 
scientist nor, as it Was once supposed, that of the i)hilosopher. 
But this is a desideratum without which the a])plication of 
scientific discoveries to human life juust to a great extent remain 
ineffectual. 

The scientist pursues knowledge for its own sake. There 
is no doubt that this is a liigh ideal, one of the highest that 
humanity ha.s ever attempted to realize. But his work has also 
a practical bearing both from the cultural point of view and 
from that of greater efficiency. Without this the leisure, 
expenses, and facilities which must be provided to the scienti.st 
in an increasing measure cannot be guaranteed. Also as a 
pragmatic end the welfare of man, both material and cultural, 
is not a negligible objective to be pursued. 1 hope that attention 
will be directed to this aspect of the question and that the 
necessary technique for developing a comprehensive science of 
knowledge and its successful application for the betterment of the 
human species will be worked out in the same way as specializa¬ 
tion has been pursued in all branches of human knowledge. This 
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cannot be undertaken by the layman but must be done by men 
who have been higWy trained in the scientific method. At 
present the whole Work is left to private enterprise working 
for personal profit. This is not only insufficient but dangerous 
to society. In any case it leads to great wastage of men and 
materials and does not utilize the opportunities as well as they 
might have been. I believe that the spirit of adventure found 
in the pursuit of knowledge for its own sake will find equally 
wide scope in the pursuit of co-ordinating this variety of know¬ 
ledge into one whole and applying it for the benefit of humanity. 

There is a general feeling that the layman does not fully 
appreciate the work of the technical man of science and tries 
always to calculate things in terms of practical result. This i.s 
no doubt true but only to a limited extent. It is human natu e 
to be more interested in what directly concerns it. Yet the 
opportunities which society offers to the scientist for carrying 
on his work have materially helped him in the pursuit of 
knowledge. To rouse further the layman’s interest and make 
him offer greater opi)ortunities to the scientist for carrying on 
his work little has Wn done by the scientist himself. For half 
a century after Huxley scientists have done little to popularize 
their discoveries and make them available in forms which will 
be understood by the average layman and which will interest 
him. In fact, even the expert in one specialized branch cannot 
always follow the woik of another specialist in an allied branch 
of science. In recent years the work has again been taken 
up by men like Joans and Eddington. 

Ladies and gentlemen, I am not a scientist but I claim to 
be an average layman. I remember that for years I tried in 
vain to get at some popular exposition of Einstein’s theory of 
relativity and what it meant. For more than ten years I failed 
to get at any jiopular literature on the subject which would help 
me to pursue the topic a little beyond the most elementary stage. 
A large sum of money was given as a prize in America to the 
author who would write the best book on the theory of relativity 
which would be understood by a man who had read no mathe¬ 
matics or any other technical science. I got that book but was 
out of my depths within the first ten pages Then Eddington 
delivered that lecture which is so familiar to the layman and 
which is so dear to him as an introduction. Since then he and 
others have written more technical things which can be followed 
with the help of that introduction book. The point that I 
want to make is that the scientist has a duty in popularizing 
his work in order to sinead both culture and interest in his work. 
This can be done by the scientist alone and by no body else. 
My humble request to the great body of scientists assembled 
here to-night is that they may give some thought to us laymen 
and help us occasionally to light our small lamps from the 
dazzling torches which they carry about with them. We are 
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not presumptuous to aspire to enter the highly ionized sphere of 
the scientist’s activity but let him permit us to receive a few 
rays of his light of knowledge penetrating into the dense atmos¬ 
phere in which it is our lot to live and move and have our being. 

Ladies and gentlemen, I fear that I have now exhausted 
your patience. But I hope that I have not bored you more 
than what it is cuslomary for a Chairman of the Reception 
Committee. He seems to be the only man who, on an occasion 
like this, has the privilege of giving expression to the layman’s 
feeliirgs before the techiiical experts. I have now only one 
pleasant duty to perform. His Highness the Maharaja Holkar 
has kindly consented to open the Twenty-third Session of the 
Indian Science Congress. We know t ho number of social engage¬ 
ments which he has got to keep and in which he plays a gracious 
part. Wo are, therefore, grateful to him for agreeing to come 
here to-night. I now request His Highness to declare this 
Congress open.’ 

His Highness the Maharaja of Indore, as Patron of the 
Congress, then addressed the meeting as follows :— 

,Ladies ajsd Gentlemen, 

A group of distinguished scientists have assembled hero 
to discuss the work they have boon doing during the past yt^ar 
and I need seare(ily say how much pleasure it gives me to greet 
them in my Capital. 1 am a layman in scientific matters and 
I know that you will not ex[)ect me to make a show of an erudition 
that I do not possess ; but I am also the Ruler of a State, placed 
by destiny in charge of the welfare of lakhs of people, and any 
thing ihat furthers the welfare of mankind naturally arouses 
my keenest interest. It is, therefore, in the practical results 
of scientific research and their application to the improvement 
of man’s everyday life that I find to-day my greatest enthusiasm. 

All the numerous branches of scientific activity medicine, 
agriculture, veterinary work, psychology, psycho-analysis, metal¬ 
lurgy, mathematics—which we label together under the general 
term “ science ” can and should have this common meeting- 
place, the betteimont of human life. Science can do so muc h 
to render men and women happier and healthier and I would 
like to remark upon a few of the ways open to us by which 
we can take advantage of modern scientific discoveries. India’s 
greatest problem is her poverty ; add to this the vast size of 
the Indian continent and the fact that it is still, despite the 
industrialization of a few centres, almost entirely an agricultural 
nation, and one at once realizes how greatly the application 
of modern methods, of the results, in short, of scientific research 
and discovery, can help us in the solution of that problem. The 
difficulties of distribution have largely been removed by the 
r ailway and the lony ; it is rather the problems of increasing 
t he yield of the soil and of using our vast natural mineral resources 
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that (lomaud the most strenuous efforts of our scientists and 
the application of the results of their labours. For the proper 
tilling of the soil, the sowing of scientifically tested seed, and 
the thorough exploitation of the wealth lying beneath the ground 
can and one day ought to change India from a poor country 
to one of the richest countries in the world. Our scientific 
experts are not y<}t organized as they might be to this end and 
one thing which will, I think, have to be done before we can 
rely U2)on an adequate su]>i)Iy of trained men to fill ga])s and 
to carry on an ever-expanding propaganda is to raise tlie standard 
of our university degretis to parity with those of London and of 
other famous places of learning. We have a great many famous 
scientists—Sir Jagadish Chandra Bose, Sir C. V. Raman, our 
President here to-day, to mention but a few—but are our 
young men receiving such training as will enable them to take 
the place of these groat scientists when they have ])assed on ? 

To return to the iiroblems before us, in many ])laces— 
including, I am hajipy to say, Indore—efforts are being made 
to improve agriculture, to improve not only the Xisans’ im])lo- 
ments but more especially the quality of the crops he sows; 
and our scientists have made some notabk? contributions to 
man’s knowledge of plant life. Moreover, scaence has rendered 
po.s8ible a health and hygiene on the part of the common people 
that was unthought-of fifty years ago. Medicine, both preventive 
and curative, has advanced rapidlj?^, and in general the scientific 
study of economics and social behaviour has im])roved almost 
beyond belief the ])Ossibility of our one day seeing a whole 
nation of healthy men and women. It is not, Ladies and 
(lentlemen, lack of knowledge from which we suffer ; our problem 
lies mainl^y in the dissemination of the knowledge we have. India 
is so vast, the habits of its people so conservative, and their 
]>overty so heart-breaking, that it is extremely difficult for the 
few that have the necessary knowledge to 2 >ass it on, whether 
they are the scientists themselves, or governments, or public- 
spirited individuals. The Co-ojierative Movement, in which 
I take a keen interest in Indore, is capable, when properly’' deve¬ 
loped, of being used as an instrument for the education of the 
people in scientific matters and also as an instrument for the 
supply and distribution of scientifically 2 )repared seeds and 
implements—as I understand is being done in Mysore ; while 
for the dissemination of knowledge itself the U.P. Government 
have been trying out a scheme which greatly interests me—I 
refer to that Government’s efforts to educate the peasant not 
only in agricultural matters and methods but also in hygiene 
and in elementary medical attention by means of a cinema 
which, accompanied by experts, tours the villages on a lorry. 
In the Punjab, I believe, some progress is being made in the 
education of the villager by means of wireless. All these are 
examples of the application of modern scientific discoveries to 
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the improvement of mem’s lot; and I feel sure that this practical 
side of science is one that yon realize as much as I do, for I see 
that your President tlxis year is Sir Upendranath Brahmachari, 
who is not only a distinguished medical practitioner of long 
experience })ut also a research worker of no mean attainments. 
In this same field of pratdica] science I must add a word of 
welcome to the National Institute cf Science—an All-India 
organization of which we have stood for long in great ne(‘d. 
I am more than glad that at last it has come into existence and 
I am delighted that its first meeting should be held hi^re in my 
(’apital. Moreover, it is fortunate in having as its first T'resident 
Sir Lewis Fermor, who is in charge of the (Jeologiital Survey 
of India, a Lejiartment of the gieatest practical imjiortance in 
extending knowledge of our natural resourci's. 

You may ])orha])s fei'l that 1 have over-sti'cssed the ]>ractica] 
side of scientific work : hut that side. Ladies and Centlemen, 
from the points of view lioth of the ])casantry and of tlie Kulcr 
of a State, must always take pride of jjlace. Nevertheless, 
the practic-al ap]>lication of scientific discoveries is two-edged ; 
while men of goodwill are straining every nerve of science in the 
caut.e of humanity, others ai'(‘ degrading the great achievements 
of tliat same science to the destiiiction of their fcllowmen. 
'fhe numerous armed conflicts at present raging in many ])arts 
of the world are (‘ssentially a battle between destructive science 
and an uneducated peasantry. This is a problem for which, 
I confess, I see no solution ; yet for the salvation of mankind 
it is essential that science should ]>e an instrument of construction 
and of peace, and its lethal, destructive potentialities should be 
controlled and checked in th(^ interests of humanity. 

Finally, I see a <langer to which we in India are exjiosed; 
we are in danger of losing our own gri'at fieritage in this newer 
science that we have taken from the West. We have an Ayur¬ 
vedic system of medicine which should be studied in the light of 
modern scientific prinidjiles. L}) to the present, excejit for 
a few isolated workers, the scientific world has held rather 
disdainfully aloof from India’s indigenous medicine. This is 
a great pity ; why should scientists not keeji what is good in 
it and rejeid only those parts which are prov(*n bad or faulty ? 
I tommend this point to your attention, Ladies and Gentlemen. 
Moreover, medicine apart, India has a philoso 2 )hy and a meta¬ 
physics of her OTvn. For centuries she has enriched herself 
in philosophy, in the development of the mind and the soul; 
to-day she is beginning to enrich herself scientifically, in the 
development of the intellect. Now there are tilings that so 
far have proved incapable of intellectual explanation, of scientific 
test, even, perhaps, of intellectual or scientific comprehension. 
India’s practical combination of psychology and physiology 
in what is known as the practice of Yog has been proved to be 
capable of results m improving the strength of the body to say 
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nothing of the spiritual achievements to which it lays claim. 
Surely this can be rescued from ignorant hands and be scienti¬ 
fically examined. It was a practical thing centuries before 
the West began playing with hypnotism and allied phenomena 
of the sub-conscious mind. Yet these things exist and the great¬ 
est scientists of the West are beginning to find that something 
more that “ pure ” science is required to explain them ; it is said, 
indeed, that the West is turning to the East for help in these 
matters. And may it not be that the explanation is to be found 
for these curious phenomena of the mind and spirit in our 
own Indian philosophy ? Ought we not to combine our 
enormous heritage of philosophy and metaphysics with this 
comparatively new science that we have taken from the West ? 
I fear that, as the 19th centmy in Europe lost God in the 
laboratory—if I may put it in that way—.so we may lose all 
that is good in our ancient heritage owing to our over enthu¬ 
siasm for the new. In a combination, on truly scientific lines, 
of the good of both I see a meetmg-ground common to all human¬ 
ity, standing whereon it will no longer be possible for men to 
say that “ East is East and West is West and never the twain 
shall moot.” 

Ladies and Gentlemen, I now have great pleasure in declaring 
this Congress open and in wishing it all success in the great 
work it has undertaken.* 
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Presidential Address. 

THE ROLE of science IN THE RECENT PROGRESS 

OF MEDICINE. 

Your Highness, Ladies, and Gentlemen, 

We happily meet this year at Indore in the famous land 
of Malava, watered by the beautiful Sipra. Not far from here 
are the sites of the sacred cities of Mahi^mati, Ujjayini and 
Dhara, whose names conjure up glorious visions of the past. 
The town of Maheswar is connected with the hallowed memory 
of the saintly Ahalya Bai, an illustrious ruler of the Indore 
State, whose piety and generosity are even today a household 
word throughout India. Ujjayini was a famous seat- of learning 
in the olden times. 

In the fitness of things the Indian Scnonco Congress has been 
invited to hold one of its sessions in this historic place, thanks 
to the hospitality of its most enlightened ruler, His Highness 
Maharajadhiraj Raj Rajeshwar Sawai Shree Yeshwant Rao 
Holkar Bahadur, Maharaja of Indore. In the annals of Indian 
history, the Holkars hold an honoured place for their achieve¬ 
ments in the field of arms and of peace. 

Under the able guidance of His Highness the city of Indore 
now ranko amongst the great industrial and highly cultured cities 
of India. It is an important educational centre with an excellent 
plant research institute, many high schools and colleges, an 
excellent institution for the training of the sons of Chiefs and a 
medical school, and with palaces and beautiful gardens. Indore 
must feel proud that His Highness has recently introduced so 
many reforms in his State, has given her a magnificent aerodrome 
with a splendid landing ground, and has inaugurated many 
beneficial schemes, such as, geological and mining surveys, 
vocational education and development of new industries and 
encouragement of industrial research. Within a few miles of 
the city are the great waterworks of Badarkha with the largest 
syphon system in the world which,, I understand, is an 
extraordinary feat of engineering skill. By the generosity of 
His Highness and the co-operation of his officers, hosts and 
guests have met today under a happy augury of success and we 
have every reason to congratulate ourselves on his gracious 
hospitality and kindness. 
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In rising to address you at this annual meeting of your 
Congress, I feel I am hardly worthy to occupy an office which 
is associated with the names of those with whom I cannot compete 
in greatness. A few years ago, Lord Rutherford stated at a 
meeting of medical men that the hopes of the world rested upon 
their success and ever-growing usefulness. Aviation, wireless, 
and television have now been accomplished, but one thing still 
left to wish for. Lord Rutherford very truly remarked, was 
long life and health, and it was the medical profession with whom 
it lay to give that guerdon to humanity. For ‘ Happiness lies, 
first of all, in health ’. 

‘ O blessed health ! thou art above all gold and treasure . . . 

.Ho that has thee has little more to wish for and he 

that is so wretched as to want thee, wants everything with thee.’ 

Standing here today as your president, I think I should 
show no partiality towards the science of medicine by 
choosing it for my address because 1 happen to be a medical 
man. As it is customary in the annual meetings of scientific 
societies for the president to refer to the recent advances in 
science and as the progress as well as the future achievements 
of medicine, which is concerned with the preservation and 
restoration of normal activity of living matter in the human 
machine, depends to a great extent upon the help that she has 
had and may yet get from the sciences that you profess, you 
would perhaps expect me, as far as practicable within the time 
at my disposal and as far as lies in my power, to give a review 
of the important contributions made by some of your sciences 
in recent times towards the advancement of medicine. I shall 
take cognisance of our recent knowledge of some aspects of 
living matter, as medicine is intimately connected with life, 
and I shall refer to some recent facts revealed by your sciences 
which may apparently have no particular relation to medicine 
in the present day, but may bo of medical interest in the 
future. 

The future happiness of mankind depends on the solution 
of the problems of life. These problems are much more com¬ 
plicated than those of physics and chemistry, and still more is 
this the case with the science of medicine, which deals with 
the pathological aspects of living matter. I shall probably 
be able to say nothing that is new, but presentation, from a 
different view point, of things already heard may perhaps be 
profitable. 


Biochimistby, 

I shall be^ by saying a few words about our present day 
conception of dietetics and nutrition. 

As a matter of the most vital concern in nation-building, the 
problem of nutrition demands very careful consideration by 
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statesmen and scientists alike, more so due to the fact, as has 
been recently observed, that a great part of the world’s 
])opu]ation is not consuming the necessary food stuff. An 
eminent Swiss authority predicts the decay of civilization unless 
there is a fundamental revision of the people’s diet. 

It has been stated that the function of nutrition is probably 
the centre of medicine from a medical 
Dioteijics and point of view, and that the jiroper dietary 

nutrition. Vita- of man is a most im})ortant subject for the 

maintenance of health and prevention of 
disease. As has been observed by Hopkins, 
during the whole history the needs of nutrition and the kind and 
amount of food geographically available have played a great ])a.rt 
in determining the destinies of races. It has been stated ‘ tell me 
what you eat and 1 shall tell you what you are.’ ‘ Man’s place 
in future history will depend in no small degree on the food lie 
cats.' Nutrition is one of the essential functions of life and its 
value cannot bo too much (imjihasized. 

Up to 20 years ago, th(i reign of calories was supreme in 
the field of nutrition, and it was held that if the proper amount 
of energy required for maintaining nutritional oquihbrium 
could bo worked out in terms of calories, then the last word 
would be said about the probhun of nutrition. But it has now 
come to be recognized that certain substances that had (duded 
detection in the past, are indisiiensable in our dietary for the 
normal activity of the tissue cells and the prevention of certain 
diseased conditions. Further the study of the problem of 
nutrition has increased in recent tinu's from the (piantitative to 
the qualitative standpoint, especial)}' with respect to the ])roteins. 

Though it was long known that diseases like beri-l>eri were 
due to deficiency in the food of certain substances of unknown 
chemical nature, it was Hopkins who made in 1912 the monu¬ 
mental discovery of the value of the ‘ accessory food factors ’, 
or the ' vitamines ’ as they were termed by Casimir Funk, in 
the maintenance of normal functional activity and growth. 
The progress of research upon the nature, distribution and 
functions of vitamins has been very intense in recent dajs. 
To attempt to summarize all that is known about them is 
beyond the limits of ray lecture. The discovery of vitamins 
has led to the relief of a considerable amount of suffering and 
.disablement that is particularly true in regard to rickets. Many 
of them are simple chemical substances and it is possible that 
each of them possesses a strict specificity in its action, though 
lack of more than one vitamin may be responsible for the causa¬ 
tion of the complex phenomena manifested by disease. 

The function of vitamins and the pathological lesions due 
to their deficiency are known to those among you, who are 
biochemists or who belong to the medical profession. I shall not 
discuss them here. 
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It is possible that the lack of vitamins does not play such an 
important part in the causation of disease as has been claimed 
by some observers and that the symptoms following a deficiency 
of certain vitamins may be attributed to a disturbance in the 
gastro-intestinal canal. It is realized today that the processes 
of digestion are much more complex than was hitherto thought. 
The secretion of the intrinsic factor is but a case in point. It 
is now known that vitamin Bj deficiency is the cause of lack of 
appetite and defective movements in the alimentary canal. 
It requires but little imagination to conceive that these effects 
must have some fundamental cause and that they could lead 
to a number of abnormal sequelae, such as, defective absorption, 
stasis and toxaemia, to mention a few. 

The minimum amount of protein required for the dietary 
^ of man has been a matter of dispute for a 

JodgrabLttW- Originally found by Voit at 

quirements of grms., it Was afterwards raised by 

proteins, carbohy- Atwater to 125 and subsequently lowered by 
(Irates and fats in Chittenden to 60. Sherman quotes it at about 
^ 444. It has now been recognized that the 

quest for a protein minimum is really an illusion, as it depends 
not on the quantity but on the kind of protein supplied. The 
work of Hopkins on the essential amino-acids in connection 
with nutrition has come into prominence in the present day. 
As has been pointed out by him, the food proteins which can 
bo used with the greatest economy in the body are those 
which contain all the amino-acids in such relative proportions 
as will correspond most nearly with their proportion in the 
living tissues of the consumer. These are the proteins of 
so-called high biological value, constituting the ‘ first class 
proteins ’. It has been observed that the average consump¬ 
tion of Cambridge under-graduates, those in training being 
excepted, is about 80 grms. of protein. 

There are many problems that await fuller investigation 
by physiologists and bio-chemists in future 
before the perfect diet can be proclaimed. 
A food in order to be effective, must be 
ingested by a body both physically and psychically sound. 
It is possible to be well-nourished on the simplest of dietaries. 
Who can say for certain what is the optimum protein diet or 
the optimum intake of fat ? What about the food of the* 
Eskimos, the human carnivores of the world, who live for long 
periods on purely animal food ? Hindhede has emphasized the 
superiority of the high fat, low protein diet of the Danish farmers 
over the high protein, low fat diet of the neighbouring Finlanders. 
But is this applicable to all mankind ? There has been much 
talk about the energy value of different foods expressed in 
calories. But, as Cathcart has said, are not these merely con¬ 
venient units of measurement 1 How are we to explain the 
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deleterious effects of ‘ very high ’ cereal dietary and how are 
they corrected by ‘ protective ’ foods, such as milk and leafy 
vegetables 1 Do the cereals contain any toxins, which are 
neutralized by a proportional quantity of the protective food ? 
What definite information is available as to the body needs 
of the different kinds of vitamins ? A further question is the 
problem of hypervitaminosis, as also 1 he actual part played by 
vitamins, and any difference which may arise from taking 
synthetic or natural vitamins. 

Nearly 90 years ago, Chevers taught that the dietary of the 
Hindus with a very moderate quantity of animal food was the 
fittest for a tropical climate. Thus he wrote, ‘ It is certain, 
that the law-givers, who prescribed for the people of India a 
diet consisting mainly of vegetables and water, the lighter kinds 
of animal food, such as fish, pigeons and goat’s flesh, being 
only occasionally introduced in moderate quantities, judged 
almost as physiologically as they could have done, had they 
studied at the feet of Liebig and Prout Similarly in a dis¬ 
cussion on the dietary of man, the meatless diet of some of the 
finest soldiers of His Majesty’s Indian Army who fought in the 
lust great wprld war was highly extolled. This is an interesting 
subject for research in the quest of minimum animal protein 
requii-ed for human consumption and the future may show that 
it may be influenced by climatic conditions. Recent researches 
•of Berg tend to show that apart from the nature of proteins, 
there are other factors which determine the minimum quantity 
of protein necessary to preserve nitrogenous equilibrium, such 
as, the particular protein the subject is accustomed to taking 
and the ratio of inorganic bases to inorganic acids available to or 
.formed in the body of the subject. 

This brings me to the question of animal versus vegetable 
protein. Investigators of the present-day hold that, in general, 
proteins of animal origin are superior to the vegetable proteins 
for the purposes of nutrition and that the testimony of human 
vegetarians is useless in determining the amount of animal 
protein requirement of man, because they were probably not 
vegetarians during the first part of their lives. 

Are there first class fats ? At present we know little about 
the nutritional value of different fats, but some work goes to 
show that certain fatty acids of the linoleinic series may be 
essential. It has been stated that the synthetic fat intarvin 
may be used by fasting persons of normal health without the 
development of acidosis. Do not these adumbrate the possi¬ 
bility of the existence of first class fats ? Further work is also 
necessary to determine if there are essential carbohydrates. 

In recent years there has been an advance in our knowledge 
of the importance of inorganic substances, 
tS^n^ordfet' especially minerals in our dietary. Many 
of these such as calcium and phosphorus 



28 


Tweniy-fhird Indian Science Congress. 


(6) 


are required for structural purposes and their deficiency*gives 
rise to structural diseases. There are others which are required 
to be present in minute quantities in our dietary and which 
are perhaps concerned with the stimulation of the active processes 
in the tissues. These are copper, manganese and perhaps yet 
other undiscovered elements. Their deficiency is regarded 
to be responsible for certain forms of anaemia, though very 
recently this view has been doubted by some observers. The 
possibility of the existence of undiscovered mineral deficiency 
in disease is for the future to reveal, and may I suggest that 
certain obscure diseases of India, such as, infantile biliary 
cirrhosis of children may be investigated from this point of 
view. 

Complicated are the inter-relations of the vitamins, the 
hormones and the mineral constituents of the tissues in the pre¬ 
vention of certain diseases. For instance, biochemistry has shown 
that a supply of iron, copper, vitamin C and thyroxin are the 
essential factors in the formation of erjdhrocytes and haemo¬ 
globin, in addition to an active bone marrow. Deficiency of any 
of these may give rise to certain types of anaemia. A generous 
supply of calcium and phosphorus together with a liberal supply 
of vitamin D is essential for the perfect development of the 
bones and teeth of the child. 

In recent times, studies in nutrition have been concerned 
chiefly with the maintenance of normal health 
Prolongation of production of a rapid rate of growth. 

growth. however been observed still more 

recently that prolongation of life associated 
with a retarded rate of growth has been noted in many divergent 
forms, such as, rats and brook trout and that animals kept on 
a restricted food intake for long periods outlived by a wide 
margin those that were allowed to eat full from the time of 
weaning. The inverse relationship of the rate of growth and the 
time of onset of senility is also apparent from other investigations. 
Evans has noted that animals injected chronically with prepa¬ 
rations containing growth hormone of the hypophysis show 
evidence of prematiue senility. On the other hand, Lee and 
Schaffer have shown that administration of the pituitary growth 
hormone results in retention of juvenile chemical characteris¬ 
tics by the tissues. Other clues for the study of these problems 
are furnished by the facts that thymus extracts greatly increase 
the rate of growth and maturity while pineal extract seems to 
retard growth. Wetzel in his work on ‘ Motion of Growth ’ has 
shown that excessive rate of growth during infancy and child¬ 
hood is associated with excess of wasteful heat production and 
that this may have grave consequences. It is apparent that 
some of the cm-rent tenets in the field of nutrition require re¬ 
consideration in an effort to determine the optimal rate of growth 
for each period in life. 
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It seems, however, that the preponderance of evidence 
indicates that the increased growth achieved by well-considered 
improvement in the diet is accompanied by general physiological 
betterment and definite improvement of the species. By 
intelligent improvement of nutrition of experimental albino- 
rats through successive generations there has been developed 
a new species of these animals. 

In the present day, jdiysiologists realize that a diet which 
a 2 >pears to be adequate is not invariably the 
Enyironmont optimum diet. Better environment and im- 
trition. proved nutrition will improve hereditary 

eharactei' and bring mankind to a higher level 
of physical develoi)raent. Newer knowledge of nutrition may lead 
to the development of a larger stature, greater vigour, increased 
longevity and a higher kivel of cultural attainment (McLcster). 

In a recent investigation into the diet of the Indo-.Javanese 
in the Dutch Indies, it has been observed that 
Jlc(‘«'iit iiivesti- on a diet which apiieared hardly adequate from 
flZ => K'H-opean point of view the ,«opIo of the 

Juvant'so dietary. country lived m a fairly good health, though 
their weight was of a somewhat low standard. 
Tlie subject requires further investigation to determine what 
would constitute a proper dietary for the Javanese. 

(bming to the Indian dietary, in recent times some in- 
ter<;sting work has been done with tlie balanced diets for 
Indians by Tilak and his assistants. The dietary worked out by 
them is the inclusion with the staple food grains in common use 
by the people of India, of soya-beans, dried skimmed milk, rice 
jiolishings, fresh ground-nut cake and jireparation of siirouted 
seeds. Such dietaries, if confirmed, may help in solving the 
problem facing large masses of people in India, i.e., how to obtain 
a reasonably good dicjt for o to 7 rupees a month. Aykroyd has 
found that diets which, in paper at least, adequately fulfil 
human requirements (‘.an be bought in Madras for about Rs. 4/- 
per month. ‘ Cheap balanced diets ’ of this nature must, of 
course, be subjected to the test of practice. 

Perhaps millions of the people of India, especially among 
the poorer classes, suffer from various degrees of malnutrition 
which leads to lessened power of resistance to infection. 

* McCarrison’s work in this field is well-known. Sanitation and 
nutrition must go hand in hand in all countries especially in 
India, where so many diseases epidemic and endemic prevail. 

Alimentary auto-intoxications, allergic conditions from 
^ , imperfect metabolism, and auto-infections 

as ro-en to ogy. alimentary tract play an important 

part in medicine and the gastro-enterologists are claiming 
today that the science and practice of nutrition is becoming 
an independent and complete speciality, which is to be identified 
with theirs. Perhaps the Science of Nutrition, including the pro- 
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blems of the dietary of the people of a country, will, one day, form 
part of the department of preventive medicine of the State, as it 
has already begun to be in certain countries. 

In India where diabetes is common, the proper dietary 
_ i ^ of the disease is an important subject, and I 
shall very briefly refer to it. Since the 
epoch-making discovery of insulin in the 
treatment of diabetes, the pendulum is swinging from the fat 
diet of Newburgh and Marsh to ‘ high ’ and ‘ higher ’ carbo¬ 
hydrate diet o^lSansum and others. Recently it has been 
observed that adininistration of carbohydrate stimulates the 
production of an unknown insulin-kinase, the insulin acting as 
a substrate in the metabolism of sugar (Himsworth). On the 
other hand large amounts of fat may inhibit the action of insulin. 
On this view a ‘ high ’ or ‘ higher ’ carbohydrate diet for diabetes 
aided by insulin finds a rational support and it is possible that, 
by the adoption of such a diet, the life of a diabetic may be 
more prolonged and death rate from diabetes more reduced 
than what has been achieved in the present day, in spite of 
the introducti,on of insulin. 

In speaking of vitamins in connection with maintenance of 
nutrition, one cannot help making a brief 
reference to a condition discovered in 
recent times and known as hyper-vitaminosis. 
This consists of a series of toxic symptoms 
following the administration of excessive 
doses of certain vitamins such as A or D. It may be incidentally 
mentioned here that excessive production of the internal 
secretions of the ductless glands in the system, and administra¬ 
tion of an excessive amount of the same may also give rise to 
toxic symptoms. The condition may bo described as hyper- 
hormonism. Further it is possible that inhibitory princijfies 
may be produced as a response on the part of the body to 
the introdxiction of excessive amounts of various hormones, and 
that the clinician in his endeavour to correct a hypo-glandular 
state may actually add to the gravity of the condition by causing 
an overproduction of inhibitory principles, as a result of too 
persistent treatment with hormones (Collip). In diseases due to 
the deficiency of hormones, their artificial administration must 
therefore be intermittent and regulated according to the needs 
of the patient, just as ihey are normally manufactured and 
distributed according to the needs of the body in health. . 
Whether inhibitory principles may be produced by excessive 
use of vitamins I cannot say. 

Before I leave this portion of my address, may I make a 
passing remark about the biologic^ catalysts. 

cateJwte catalysts of a living cell are the enzymio 

structures which promote reactions within* 
the cells and determine their direction. Perhaps in the main- 


Hypor-vilamin- 
osis, Hyperhor- 
moniHin. Anti- 
hormones. 
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tenance of the normal reaction within the living cells, the 
vitamins, the hormones and the minute mineral constituents 
play an important part. The action of medicines and diseased 
products upon the permeability of the cells and upon the action 
of enzymes within them must be an important field for research 
and may be of groat value in medicine for the study of chemo¬ 
therapy and immunology. 


Physiology. 



No one can doubt that physiology has had a groat influ- 
once upon the whole field of ra3dicino in recent times. 

Recent researches have thrown light on the mechanism of 
(he fundamental reflex reaction for the protection of the animals 
and have shown how with the evolution of an anti-gravity 
mechanism and of extended movciraent, the brain stem has 
become evolved to take over this increased responsibility. 
Magnus has analysed the various nervous stimuli from the 
periphery which are concerned in this very delicately co-ordinated 
mechanism. The new data have comjfietely revolutionized 
our conception of the nervous system, and signs and symptoms 
of disease which hitherto could not be properly understood have 
now become capable of analysis. 

In more recent years Sherrington and his school have 
worked more exactly on the, relation of the nervous system to 
responses produced when it is atdive. These fundamental 
studies will no doubt throw much light on the changes so often 
observed in disease. His researches have shown that the 
centriiKJtal impulses do not pass straight through the spinal 
cord, but at certain stations in the cord they are transferred 
into an enduring excitatory state which may in turn set up 
fresh impulses yielding the reflex discharges. 

Adrian’s researches have also added greatly to our know¬ 
ledge regarding the exact nature of the impulses which pass 
along nerves in different conditions. With a most admirable 
technique he has studied nerve impulse and its origin with 
highly profitable results. He has come to the conclusion that 
change of potential may be of fundamental importance in the 
activity of nerve cells. He has shown that damaged nerve 
fibres set up impulses at very high frequencies and these perhaps 
play a part in sensation of pain, though sometimes impulses in 
the smaller slowly conducting nerve fibres may also be concerned 
in the physical mechanism of pain. He has been able to observe 
the activity of a single nerve cell and has shown that human 
voluntary contractions are regulated in exactly the same way. 

In Russia Pavlov and his school have elaborated the reflex 
reactions of the higher parts of the nervous system. Their results 
are capable of considerable application to many of the higher 
human activities. 
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A. V. Hill has studied the nerve impulses with exquisitely 
-sensitive apparatus from the point of view of thermal pheno¬ 
mena accompan 3 dng it and it is becoming clear that the nerve 
impulse consists of a transmitted physico-chemical event, the 
whole cycle of event comprising activity and recovery in the 
nerve being supported by the energy derived from metabolic 
oxidative processes, associated with the cycle. 

Further it is possible to conceive ‘ the nervous impulse as 
a succession of transformation of chemical into electrical energy, 
and conversely—^these transformations being necessary by the 
structure of the fibres 

Haldane and his pupils have continued their well-known 
work regarding the control of respiration. Carbon dioxide, 
formerly looked upon as a product of excretion, to be got rid of 
as soon as possible, has been shown bj’^ them to be an essential 
stimulus to respiration. This discovery has been of immense 
value in modern anaesthesia. Further it has been shown by 
Yandell Henderson of Yale University that carbon dioxide 
is also essential for the tone of the blood vessels. Dale and 
Evans have shown that carbon dioxide is essential for the acti¬ 
vity of the vasomotor centre, just as it is responsible for the 
activity of the respiratory centres. Barcroft has shown the 
principles by which oxygen is transported by the blood. As a 
result of the work of Haldane, Barcroft and their co-w'orkors, it 
is now possible to deal with respiratory distress and failure by 
more scientific methods than what was possible in former days. 

Areas such as the cerebral and pulmonary vessels which 
were once thought to have a poor vasomotor supply have now 
been found to be much better supplied than had hitherto been 
imagined. 

With regard to the heart, the earlier studies of cardiac 
disturbances by Mackenzie have played an important part in 
advancing our knowledge regarding the physiology of the heart, 
and the work of Starling and of Lewis has placed much of it 
on a strict experimental basis in more recent times. A new 
interpretation of the electro-cardiogram in disease has been 
recently evolved. 

The discovery of the function of the carotid sinus by Hering 
and its study by Heymans have been of great value to physio¬ 
logy and to pharmacology as well. By the recognition of the 
activity of this sinus and its possible variations one can now 
explain many of the differences in response which hitherto 
have been a great drawback in experimental work. In the 
nerve connection of this sinus and the effect of pressure on it 
lies, according to some observers, the explanation of sudden 
death under gas anaesthesia. 

One.of the most important new facts discovered in recent 
years regarding digestion is the relationship of the proper 
functioning of the stomach to the production of blood, and the 
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subsequent application of this to the treatment of pernicious 
anaemia. This work had its origin in the physiological studies 
of Whipple on the normal regeneration of blood after haemorrhage 
and administration of liver. Following the same line of research 
Minot and Murphy found that administration of fresh liver had 
a remarkable curative effect on pernicious anaemia. This led 
to the recent liver therapeutics for treatment of the disease. 

The researches of Castle, however, connected the etiology 
of pernicious anaemia with defective gastric secretions. Kecent 
experiments of Meulengracht have shown that pernicious anaBmia 
in human beings may be due to atrophy and inactivity of that 
pari of the stomach which comprises the py lone-gland region 
and may be said to have localized the seat of origin of pernicious 
anaemia in human beings. Thus stomach y)reparations for the 
treatment of pernicious anaemia may with advantage be pro¬ 
ducible from the pyloric-gland region. 

From a physiological point of view, these experiments give 
the p 3 'loric glands a function. As we know, it h>is hitherto 
boon difficult to ascribe such a function to the pyloric glands 
and the special pyloric-gland cells. Now it seems possible that 
the pyloric glands are the seat of special secretory function 
and secrete the substance Castle’s ‘ intrinsic) factor ’ that is 
essential to the blood and the nervous system. 

These experiments open up the theoretical possibility that 
under certain circumstances pernicious anaemia, may be due to an 
isolated atrophy or inactivity of the pyloric-gland organ without 
a simultaneous atrophy or inactivity of the fundus-gland organ, 
i.e,, without simultaneous apepsia or achlor-hydria (‘dissociated 
achylia ’) although judging from present clinical experience this 
possibility does not appear to be of much practical importance. 

It has been shown by Loewi that the vagus nerve inhibits 
or checks ti activity of the heart by the liberation of a chemical 
substance which directly influences the myocardium. This is 
a find of great importance, as there is increasing evidence that 
the activity of all nerves may take place through the agency of 
similar chemical substances. Cannon and co-workers believe 
that they are capable of appearing in two forms of combination, 
one producing only the augmentor and the other only the 
inhibitory effects of sympathetic nerves. 

Extensive investigation as to the nature of the process by 
which nerve impulses influence the effectors has been carried 
out by Dale and it seems fairly established that all efferent 
messages eventually produce the desired effect by the libera¬ 
tion of either acetylcholine or of a substance like adrenalin. 
Dale distinguishes such nerve fibres as ‘ cholinergic ’ or ‘ adren¬ 
ergic ’ according to the nature of the active substance liberated. 
The preganglionic fibres of the autonomic system, the motor 
nerves, and the post-ganglionic fibres of the parasympathetic 
belong to the ‘ cholinergic ’ category while the post-ganglionic 

3 
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fibres of the sympathetic usually fall under the ‘ adrenergic ’ 
group. It has been pointed out by him that Langley and 
i^iderson’s evidence, long available, as to the kinds of peripheral 
efferent fibres wliich can replace one another in regeneration, 
can be expressed by the statement, that cholinergic fibres can 
replace cholinergic fibres, and that adrenergic fibres can replace 
adrenergic fibres, but that nerve fibres of different chemical 
functions cannot replace one another. This discovery has no 
doubt an important evidence on our new conceptions of the 
mode of action of ‘ neuroraimetic ’ drugs. 

Certain recent experimental studies tend to show that 
living tissues may be the seat of radiation able to produce effects 
at a distance, and that certain activities in one cell of a tissue 
may influence activities in a neighbouring cell and that chemical 
reaction may bo accompanied by radiations, and events in one 
cell may thus influence other cells without material transmission. 

It has been held that the ducrless glands arc the ‘ glands 
of our destiny ’ and that ‘ these potent over- 
lords of our bodies are dictators of our minds 
destiny^^*Tho personalities’. It may be possible tliat 
Pituitary. the future may reveal that genius, intel¬ 

ligence, beauty, character, morality, and other 
human characteristics are dependent upon diverse combinations 
of the secretions of those bodies, just as their deficiency or 
excess may give rise to disease. 

Insulin has completely changed the prospect of the treat¬ 
ment of diabetes. The discovery that parathyroid extract 
mobilizes the calcium of the bones lias revolutionized tlie treat¬ 
ment of diseases due to calcium derangement. Our knowledge of 
the interaction of cndot'rines has increased in recent times. 
I would Just mention a remarkable fact that, as shovoi by 
Houssay and co-workers, there is no glycosuria when both the 
pituitary and the pancreas are removed, and further that the 
injection of extract of the anterior pituitary is followed by the 
appearance of glycosuria. 

May I end this portion of my address by making a little 
more reference to the pituitary, which seems to have a multipli¬ 
city of functions. It may be regarded as the headquarters 
for the hormones or the chemical messengers which control 
most of the other endocrine glands and thereby probably 
almost every cell of the body. The chemistry of the pituitary 
is by no means closed and it may be that the most important 
discoveries in the pituitary chapter have yet to be written. 
It has been held that ‘ the integration of the endocrine system 
is based on the influence of the diencephalon upon the anterior 
pituitary, which through complex hormones acts on the other 
endocrine glands, stimulating or inhibiting the production of 
simpler hormones in them. These honnones are closely related 
chemically to other substances concerned in normal activities, 



(13) 


Presidential Address. 


35 


such as, the growth of the embr 3 ^o, the growth of bone and 
caloium metabolism, as well as abnormal activities such as 
malignant growths.’ Further, ‘ in general we can see a 
division of labour between nervous and hormonal events, and 
accordingly between tlie respective regulators, the central 
nervous sj^steni, and the anterior pituitary^ lobe. The central 
nervous sy.stem regulates principally the sjieeifie, acute func¬ 
tions ; therefore it also influences those neurogenic endocrine 
organs, the adrenal medulla and the posterior pituitaiy lobe, 
the hormones of wdiich cause acute clianges. The regulator 
of the non-ncurogenic hormonal system, the anterior pituitary 
lobe, regulates mainly" the development and state, and partly 
also the secretion, of the remaining endocrine organs, the hor¬ 
mones of wliich bring about longer lasting changes of the condi- 
tbns of many other organs’ (Loewi). 

In studying the develo])mental historv of the remarkable 
endocrijjc gland, the pituitary, one finds that by the seventh 
w<‘ok of embr^xmic life, as the base of the skull is being laid 
down between the j'oof of the phar^ Jix and the floor of the fore¬ 
brain, the stalk of the Jlathke's pouch which forms the anterior 
and intermediate lobes of the ])ituitary bodj’ is drawui out and lies 
at the ]) 08 terior border of the nasal septum. Usually' some 
fragments of the ]ntuitary stalk persist in the mucous membrane 
of the r(U)f of the nasophaiynx. Cases have been observed in 
w'hich the whole pituitary body lies in the posterior part of the 
nasal scjitum. B.v the ninth wrek the stalk usually disappears, 
hut occasionally a canal in the body of tlie splienokl bone of 
tii(‘ adult—the craniopharyngeal canal—marks the site of the 
embryonic stalk. Herruig, very recentlj', has referred to the 
functions attributed bj- the ancients to the pituitary'. We maj^ 
make here a reference to the remarkable claims made bj’^ the 
ancient Yogit, of India who practised what is known as Khechari 
Mndra. The\' elongated the tongue slowly bj'^ jiractice and 
manipulation aided ly cutting its fraenum, if necessary, and 
carefully introduced it into the nasopharynx. The Yogis 
claimed to have developed remarkable powers of their bodj^ and 
mind in this way. Did they conceivx* that the tongue mechanic¬ 
ally stimulated the secretion of the glandular structures in the 
nasopharynx (pituitary '() which might be subsequently absorbed 
into the system, in the same way as adrenalin is absorbed when 
put under the tongue, and interact with the secretions of other 
endocrine glands ? Will some future investigator test the validity 
of the above claims ? 


H 


May I now 

Tissue culture. 


saj^ a very few words about tissue culture. 
‘ Tissues cultivated in vitro show two types 
of growth, which are sometimes termed 


somatic ” and “ uncontrolled ” respectively. 


‘ In somatic growth, which is usually seen best in cultures 


of early embryonic tissues, the explanted fragment behaves 
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to some extent as if it were still part of the body. It may 
increase in size by any or all of the three methods observed in 
vivo, viz., by the m^tiplication of cells, by the enlargement 
of cells and by the formation of intercellular material, and if 
removed from an embryo at an early stage of development often 
continues to differentiate during cultivation. For example, 
undifferentiated skeletogenous mesoderm will form cartilage 
and bone in vitro, explants of the undifferentiated retina give 
rise to nerve cells and rods and cones, and in cultures of the 
early mesonephros typical kidney tubules may develop. 

‘The second type of growth—luicontrolled growth, is 
perhaps more characteristic of tissues cultivated in vitro. Its 
main features are the progressive simplification of the original 
histological structure of the explant correlated with a diffuse 
outgrowth of the cells into the medium, and an increase in volume 
by cell multiplication only. Even in uncontrolled growth, 
however, cells never wholl)' depart from their original type, 
and epithelial and connective tissue cells remain distinguishable 
as such even after prolonged cultivation ’ (Fell and Willmer). 

The Carrel strain of fibroblasts is the oldest set of cultures 
in existence, but there is evidence that certain tyjies of epithelium 
and various forms of malignant tissue can also be made to live 
and multiply indefinitely in vitro. These results suggest that 
at least some types of vertebrate cells may be potentially im¬ 
mortal, just as certain types of protozoa or the flat worm may 
be kept indefinitely alive. It has been claimed b}’^ Wells and 
co-writers that ‘if Dr. Strang(iways had lived in the time of 
Julius Caesar and sot a series of sub-cultures growing from a 
scrap of him, fragments of that eminent personage might, for 
all we know to the contrary, be living now 

The recent invention in the Rockefeller Institute for Medical 
Research jointly by Carrel and Lindbergh, of a ‘ Life Chamber ’, 
a sort of artificial body of ‘ heart, lungs and bloodstream has 
enabled scientists for the first time to keep the org^s alive, 
functioning and even growing for a long period outside the 
body. The method of Carrel-Lindbergh consists of the trans¬ 
plantation of an organ or of any part of the body into a sterile 
chamber and its artificial feeding with a nutrient fluid through 
the arteries. In this way the thyroids and ovaries of animals 
have been artificially cultured, and made to grow. The perfusion 
fluid consists of protein hydrolytic products, hcemin, cysteine, 
insulin, thyroxin, glutathione, vitamins A and C, blood serum 
and other substances according to the necessities of the particular 
organ to be perfused. There is no doubt that tissue culture is 
likely to be of immense importance in the study of the human 
body and in the preventive and curative treatment of diseases. 

I have briefly outlined how the sciences of biochemistry 
and physiology have been laid under contribution in the recent 
progress of medicine. There are, no doubt, various other facts 
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■worthy of note in their apphcation to medicine, but I have re¬ 
frained from mentioning them for want of space and time. 

It is pleasing to know that many of the investigators whose 
names I have just mentioned have been Nol)el-laureates for 
researches in the subject group of physiology and medicine. 

Genetics. 

I hope it will not be regarded as transgression of the ambit 
of my subject if I pay a passing tribute to the recent ac tivities in 
the field of genetics. 

The account of Mendel’s epoch-making experiments in his 
cloister garden, on the crossing of varieties of the common 
pea, somehow or other sank into oblivion for thirty-five years. 
But such was the jiotentiality of his work that, when redis- 
ooverc'd, it not only Jaid the foundation but also gave a 
new impetus to the study of the science of heredity. In recent 
time's Mendel’s theory of what wcie called by him factors (now 
known as genes) has received confirmation in the hands of Morgan 
and others. Their ])hysical c'xistence in the chromosomes 
has been jffoved and it is now known that the (‘hromosomes 
are indeed the bearers of the hereditary units and that to their 
very reliable mechanism we owe the regular behaviour of the 
inheritance of ciharacteristics from parents to children. Heredity 
is really a most remarkable phenomenon. The production, 
generation after generation, of offsprings identic'al in all but 
minor peculiarities with their parents is indeetl one of the great 
mysteries of life, and it is by the orderly division of the cliromo- 
somes and their contained genes life can l>e maintained. It is 
becoming more and more established that ‘ the general laws 
laid dowm by Mendel have a^s wide a validity for genetics as 
have Dalton’s for chemistry 

The practical outcome of the apjilication of the prin¬ 
ciples «f genetics as demonstrated by the magnificent work in 
research laboratories such as those at Cambridge, Edinburgh, 
Aberystwyth, and Aberdeen, has been of immense value in im¬ 
proving crops and live-stock. The boundless possibilities in 
hertMlity revealed by the science of genetics liave placed great 
power in the hands of breeders of plants and animals and they can 
now tell •with approximate accuracy what to expect from matings. 
This knowledge has revolutionized breeding in all directions, 
and resulted in the production of bigger and better plants and 
animals used for food, clothing or pleasure. In the course of 
time man may be able to replace the natinal selection of more 
fertile mediocrity and the artificial sterility of high-grade imrents 
by human selection and the artificial fertility of high-grade pa¬ 
rents. Sooner or later the frequency of the latter would increase 
in geometrical progression and control and guide the qualities of 
mankind in any waj it desires for the good of man. The future 
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trend of creative evolution, including man’s own destiny, depends 
on his response to the new knowledge and on his intelligent appli¬ 
cation of genetical discoveries, in the near as well as distant 
future (Hurst). Genetics aided hy better environments may also 
be able to prevent the transmission of hereditary weakness and 
hereditary diseases, some of which are sex-linked. In this way 
it maj’^ lead to the production of better tyi)e of men, free from 
diseases of the mind and body that are propagated from father 
or mother to their children and thus the difficult task of 
medicine for averting or curing hereditary diseases or diathesis 
will be reduced to a minimum. 


Chrmistry. 


It has been recentlv remarked bv Lord Movniham that 
perhaps in the relation of physics and chemistry to medicine, 
we stand on the very threshold. Let ns see what advances have 
been made at this threshold in recent times. 

1 begin with the recent contrihutions in therapeutics due 
to the a])])lication of chemistry. If 1 were to atterajd to enu¬ 
merate the various compounds that are brought every day 
to the notice of the medical ]trofes.sion in recent times, as hyp¬ 
notics. aUf'esthetics, analgesics, antipyretics, antiseptics, or for 
other thcTapeutic! pur]ioses, them their number will be legion 
and my task may be im]>ossible. T shall therefore refer briefly 
to a very few principal therapeutic chemicals ejf recent times. 

How co?nplie;ated is the nuHiianism of chemotherapy is 
shown by the faed that a slight edteration iii the constitution 
of a comi)ound may bring about a com])lete eiiange in its physio¬ 
logical properties. This is well-exemplified in the preparation 
of the various amino-ejninoline derivatives for antimalarial 
purposes. A slight change in the constitution of these com¬ 
pounds leads to a complete disappearance of these properties. 
f)-amino-(juinoline and 8-amino-quinoline have no action on 
paramoccia in strength of 1 : 4000. The introduction of OH 
into 8-amiuo-quinoline and quinoline-8-glycine-amido raises 
their toxic action on paramoccia to a remarkable degree and 
the methylatioii of 6-o\y-8-amino-quinoline by replacement of 
H of OH by CHg reduces its action on paramoccia to nil 
(Brahmachari and'co-workers). Diethylmonosulphone is without 
hypnotic action, while both dimethylsulphonediethylmethane 
and the isomeric diethyl sulphonedimethylmethane (sulphonal) 
a e strongly hypnotic. 

Amongst the more interesting synthetic drugs introduced 
in recent times are those recommended for 
producing anaesthesia, when given by in- 
' ^ ' jection, preliminary to and partly replacing 

the use of volatile anaesthetics. 
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Though it may be held that inhalation ansesthesia seems 
to hold its 0 T>m which is, to a great extent, due to the deve¬ 
lopment of the gas and oxygen method, yet attempts are being 
made to introduce, in recent times, other synthetic compounds 
which may be used for ansesthesia. 

The new basal anaesthetics include tribromoethyl alcohol 
(avertin), urethanes and some of the newer substituted barbituric 
acids. Most of them are sodium comi)Ounds, such as soneryl 
sodium, amytal sodium, evipan sodium, pernocton, and nembutal. 
Among the general anaesthetics that have been introduced in 
lecent t’mes may be mentioned evipan sodium, and cyclopropane 
and di-vinyl other. 

To one corning from Calcutta, the liistory f f anaBsthetics 
has a peculiar interest, because Waldie, who was one of the 
])ioneers of chemical research in India and who lived in Calcutta, 
was associated with lire discovery of the anaisth(dic proj)crties 
of chloroform in 1844-. To his niemoiy there is a tablet in the 
rooms of the Asiatic Sofiety of Ttcngal. To all of you, the same 
must also he of great interest because tlui first chloroform com¬ 
mission was held in India. 

There is no doubt that general ansesthetics have been con¬ 
ducive to the advance of all branches of medicine, ‘The 
nicflical sciences, physiology, pharmacology', ])athology and 
bacteriology would have remained inaccurate and incomplete 
hand-maidens of medicine, had it not Ix'en made possible by 
the aid of anaesthesia to critically examine, corroborate oi' 
disprove the claims, hyjiotheses and tenets of workers of all 
ty])cs.’ (Stander.) 

Synthetic chemistry has produced numerous local anass- 
thetics better than cocaine. A new era has been o])encd to the 
operating surgeon. His visitations on the most dedicate jjarts 
arc 7 )crformed, not only without agonizing screams he has been 
accustonujd to hear, but sometimes with a state of ])erfect 
insensibility, and oijcasionally even with the expression of 
pleasure on the part of the patient. Who could have imagined 
that drawing the knife over the delicate skin of the face might 
profluce a sensation of unmixed delight! That the turning and 
twisting of instruments in the most sensitive bladder might bo 
accompanied by a beautiful dream ! (Warren.) 

We are steadily approaching the solution of a perfect anal¬ 
gesia for labour. 

In recent times, much work has been done in the quest 
of a suitable hypnotic. The demand for a' good hypnotic has 
grown more and more intense of late, because duo to the stress 
and strain of modern life, many ask for an ideal draught or a 
tablet or a pill w'hich would quickly put them in possession of 
* tired nature’s sweet restorer, balmy sleep From the hyp¬ 
notics of olden times to recent ones, the chemist has travelled 
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a long way, and he is still moving further and further in the 
search for better hypnotics. 

The chief advances in our knowledge of hypnotic drugs in 
recent times have been (1) the discovery of many new deriva¬ 
tives of the barbituric acid series; (2) the introduction of a 
number of drugs other than alkaloids for purposes of basal 
anaesthesia. 

The barbituric acid derivatives are perhaps the most com¬ 
monly used hypnotics at the present day. Other recent hyp¬ 
notics not derived from barbituric acid include avertin. 

An ideal hypnotic should bo free from any toxic effects, 
should bo quicMy excreted and should give a quiet natural 
sleep of normal duration in a short time. Such a hypnotic 
has yet to come. Further the same hypnotic is not suitable 
for all types of cases and sometimes methods other than h3p- 
notics are suitable for individual persons for relief of sleep¬ 
lessness. 

May I now refer to the h 5 pnotic properties of the extracts 
from the root of Rauwolfia Serpentina. As early as March 
1912 the speaker read a note on its alkaloidal principles and 
therapeutic properties in a meeting of the Asiatic Society of 
Bengal. The extracts have marked hjpnotic properties and are 
specially indicated in certain forms of insanity. Since the above 
paper was read, much work has been done on the chemistry of 
the drug and many alkaloids have been extracted from the roots. 
Its hjpnotic properties may be due to these alkaloids. 

I now pass on to certain aspects of chemistry in its appli¬ 
cation to a few protozoal diseases as revealed by recent re¬ 
searches. 


Orgemic 

arsenicals. 


The best known of trivalent organic arsenicals is salvarsan, 
for which the non-proprietary name arsphen- 
amine is in common use in the British Empire 
and the United States. The drug is now 
generally used in the form of one of its two principal deriva¬ 
tives. The first of these is neo-arsphenamine, the second is 
sulph-arsphenamine. The first pentavalent organic arsenical 
used in the treatment of trypanosomiasis was atoxyl. An 
important derivative of atoxyl is tryparsamide. It has been 
found very successful in the treatment of trypanosomiasis. Other 
new therapeutic organic araenicals include stovarsol, etharsanol, 
proparsanol and carbarsone. 

The first and best known of the symmetrical urea group 
a , . , „ of trypanocidal drugs is Bayer 206 or ger- 

ymme nca ure . jjj jg 24 Foumeau and collaborators 

described the production of a symmetrical urea, which is now 
obtainable in lYance under the name Foumeau 309 (moranyl): 
and is identical with Bayer 206. 
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Schulemann and his colleagues succeeded in increasing 
the aiitimalarial properties of methylene 
Quinoline and }jy replacing its short side chains by a 

derhra- lo*^®** Investigation subsequently 

tives. conducted with the quinoline nucleus led 

to the discovery of beprochm afterwards 
named plasmochine or plasmoquine. Similar experiments were 
made later with other heterocyclic nuclei including acridine 
and this led finally to the discovery of atebrin. These compounds 
are of great therapeutic value in certain forms of malaria. In 
Calcutta a number of araino-quinoline compounds are being 
synthesized under the speaker’s direction and their antimalarial 
properties tested. Some of them have already been reported 
to have a marked action upon paramocia. 

One of the most terrible of tropical diseases, so far as certain 
parts of India are concerned, is kala-azar. 
Loishmanocidal Antimony, which was once banned to such 

^ extent that the graduates in medicine 

of the University of Heidelberg had to swear 
never to use it, has now been found to be its specific. By the 
introduction of organic antimonials in its treatment, the 
mortality of this disease has been reduced from 99% to about 
1 or 2% in uncomplicated cases. The terrible nature of this 
disease in its epidemic form when it ravaged Bengal in the 
Seventies was well described by a contemporary writer as 
follows :—‘ The devastation of the epidemic has a very sad lale 
to tell. Coimtries that once smiled with j)oace, health and 
prosperity, have been turned into hot-beds of disease, misery, 
and death. Villages that once rang with the cheerful, merry 
tone of healthful infants, now resound with loud wailings and 
lamentationr. Huts, which offered too little space foi‘ their 
occupants are left without a tenant. The skulls of human 
beings now strew the fields at every few yard’s distance. The 
fell disease has mocked every human effort, and absorbed in its 
powerful grasp, day by day and inch by inch, every blessed 
spot which once used to be prized for its salubrity ’ (Roy). 

It was doubtless a very great advance in the treatment of 
the disease from massive doses of quinine to tartar emetic 
which was the first antimony compound introduced by Rogers 
into India for the treatment of kala-azar. Soon after the intro¬ 
duction of the latter, the speaker conceived the idea of using 
sodium antimonyl tartrate (Plimmer’s salt) and tartar emetic 
was soon replaced by this compound. 

The next step in the treatment of the disease was the 
introduction by the speaker of the intravenous administration of 
metallic antimony in a state of fine subdivision, which was 
attended with remarkable benefit. It was observed that 
when injected intravenously the particles of antimony are 
picked up by the same cells in th6 spleen as those that 
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harbour the parasites of kala-azar, that the two contending 
agents thus come in closest contact with each other in these 
tissue colls, and that the fight ends most remarkably in the 
complete destruction of the parasites in the speediest way. 

The next further advance in the treatment of kala-azar was 
the introduction of certain organic compounds of antimony and 
the use of these compounds in kala-azar infection has been the 
subject of the speaker’s research for many years, and in 1920 
some of them were prepared for the first time in India in the 
Calcutta Campbell Hospital. 

Early in 1921, the speaker discovered an urea antimony 
compound for the treatment of kala-azar. Its introduction and 
his other researches on antimonial compounds opened up a 
new vista in the treatment of the disease in India by means 
of tlierapeutic organic antimonials, just as the discovery of 
salvarsan led to the introduction of organic arsenicals in the 
treatment of spirochEctal diseases. This urea compound was 
named ' urea stibamine’. 

I shall not detain you hero with the romance of urea 
stibamine, however interesting it may be. But I recall with 
joy the memorable night in the Calcutta Campbell Hospital at 
Sealdah when after a very hard day’s work at about 10 p.m. in a 
little room with a smoky dimly burning kerosine lamp, the speaker 
found that the experiments in the preparation of this compound 
were iij) to his expetitations. The room still remains, but 
the signs of a laboratory in it have (iompletely disappeared. 

The first series of cases treated uith this compound were 
published early in 1922. Soon after this, most remarkable 
results were obtained with it by Shortt in Shillong to whom the 
compound was sent for trial. The value of this compound was 
quickly recognized. It was introduced, soon after a preliminary 
experimental trial, by the Government of Assam for the treat¬ 
ment and prophylaxis of kala-azar. 

Today urea stibamine stands pre-eminent in the treatment 
of kala-azar in India and as a jmwerful prophylactic against the 
disease, and it is a matter of supreme satisfaction that this 
Ireatmont has been the means of saving the lives of a vast 
population of suffering humanity. 

The following remarks from the Annual Public Health 
Report of the Province of Assam for the year 1933 dated 
23rd July, 1934, are worth quoting: ‘It has to be borne in 
mind that, when no specific remedy was known for this 
disease, that 98 persons at least out of every 100 were 
doomed to certain death within a comparatively short space of 
time. Since 1923, when reliable figures for the disease first 
became available to the end of the year under report, no 
less than 328,591 persons have been brought under treatment. 
It is no exaggeration to say that approximately 3*25 lacs 
of valuable lives have been saved to the Province 
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Further advances have still to be made in the treatment of 
infections with leishmar.ia donovani, as there are antimony- 
resistant cases, though fortunately few, and the treatment of 
that ugly skin infection which was first described by the speaker 
as a post-kala-azar condition and known as dermal loishmanoid 
is frequentty unsatisfactory. Cases of this condition may be a 
menace to a community, as a possible reservoir of the parasite 
of kala-azar. 


Dealing with the relationship between chemical structure 
and phj’^siological properties one meets with a 

Chemical struc- remarkable seiies of compounds in recent 
I Tire unu phvaio- ,. , , i i ^ 

properties. times having a common nucleus but jiossess- 

ing varied jiliysiological projierties. 1 mean 

the compounds having the condensed benzene ring system or 

phenan til rone, as well as, the reduced plieiianthrene plus a 

fourth fivo-membored carlion ring or cliolanc. The cholane 

niicloiis is found in bile acids, cliolcstcrol and other sterols. 


A structure of the cholane type is also found in the sex 
hormones wiiich are responsible for tlui secondary sex characters 
of animals. These hormones arc oostrone, luteosterone and'the 
mal(‘ testicular hormone or androsteroiie. They have close 
structural relationships with each other and with bile acids and 
cliolestorol wiiich probably contain their Ijiological precursors. 

The male sex hormone or androstiwone has been artificially 
prejiarcd. Fiicdmann has jiointcd out that the aromatic ring, 
coiTes])()nding to ring A of o'strin is not necessary for the 
Tlevelo])mcnt of the ccstrogcnetie t;lfcct as the benzene nucleus 
can b(5 replaced by the furano liiig, fural-pyruvic acid b(‘ing 
evmi more active than beiizal-pyruvic aciil. Ilocent experiments 
suggest the possibility of getting oostrogenetic activity in ring-free 
compounds arranging the carbon atoms 13, 14, H, 9 of cestrin 
in a suitalilo way. 

iSynthctic hydi’ocarbons containing the phenanthrene 
nucleus, such as dibenzanthraceiie, are found to possess car¬ 
cinogenic properties. The cancer-producing action of (‘crtain 
tars is due to the presence of a hydrocarbon allied to diben- 
zantliracene. It has been syntho.sized and the powerful carcino¬ 
genic action of the pure substance has been confirmed. It is, 
perhaps, tho mo.st potent carcinogenic substance so far discovered. 

The aglucones, that is, tho non-sugar parts of digitoxm, 
strojihanthin and several otlior closely related substances are 
allied to the sterols as they embody structures of four carbon 
lings. Bufotoxin has a constitution closely allied to those of 
the cardiac aglucones and possesses a characteristic action on the 
heart similar to that of digitalis preparations. The phenan¬ 
threne nucleus is present in some of the most powerful alkaloids, 
such as morphine and codeine of the opium group, and the 
corydalis alkaloids and in colchicine. 
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All hormones of the secondary types contain benzene rings. 
In some cases the ring is a simple one as in thyroxin, pituitrin 
and adrenalin. In others it is a complicated one, the condensed 
phenanthrene ring. The Needhams and Waddington have 
observed the most remarkable phenomena that the chemical 
organizer or, as they call it, the evocator which determines 
certain developments of the embryo, belongs to the same group. 

X-ray work on vitamin Bj, and C has been carried out 
in recent times and the structural formula of 
Rocont know- C as /-ascorbic acid has been established 
chemist^ *of collaboration of crystal analysis 

vitamins^ and ordinary chemical methods, 

hormones. The Structure of carotene and vitamin 

A has also been established by X-ray ana¬ 
lysis, as consisting of cw-polyene chain which is presumably 
the chain of polymerized rubber. 

^ Vitamin B^ possesses two ring systems, one a glyoxaline or 
pyrimidine and the other a pyrrole containing a substituted 
sulphur. It is not allied to flavins. Vitamin Bj possesses anti- 
beriberi properties. The crystalline specimens of Jansen and 
Donath arc, according to most recent observations, the pure 
vitamin itself with the admixture only of a small and variable 
amount of inactivated vitamin. 

Vitamin Bg is a complex, containing flavin and another 
factor, the absence of the latter and not of flavin being considered 
responsible for the symptoms of pellagra in rats. The flavin 
factor exerts a growth-promoting action. A substance identical 
wth lacto-flavin of milk which is allied to vitamin Bg has been 
isolated and synthesized. Examining the oxidation-reduction 
properties of flavin-cleavage products, Kuhn and Moruzzi were 
able to sum up the relationship of the flavin group by saying that 
the parent substance was a reductant; that combined with a ring 
system which contains a substituted amino group it produced a 
colom; that the addition of a carbohydrate side chain yielded a 
vitamin; and that the further addition of a protein group resulted' 
in an enz 3 mie (the yellow respiration ferment of Warburg). 

Vitamin C is closely related to simpler carbohydrates and 
sugars. It is a keto-hexonic lactone. 

Vitamin D can be artificially prepared from irradiation by 
ultra-violet rays. It has been isolated from irradiated ergosterol 
in a crystalline and apparently pure form, the crystalline com¬ 
pound being known as calciferol. The production of vitamin D 
by the irr^iation of the sterols of the skin by ultra-violet rays 
of the sun is a most interesting chapter in the history of medicine,, 
reconciling, as it does, the dispute whether rickets is due to a 
deficiency in the diet or want of proper sunlight. 

Bapid progress is being made today in the isolation of hor¬ 
mones in a chemically pure condition. The hormone thyroxine,, 
the active principle of th 3 rroid gland, the iodine-containing amino- 
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acid has been synthesized by Harington and his collaborator 
Barger from tyrosine from which it is probably formed in the 
animal body. Kendall of the Mayo Research Institute has suc¬ 
ceeded in preparing what appears to be the hormone of the supra¬ 
renal cortex, which may be beneficial in the treatment of Addison’s 
disease. Ephedrine and pseudo-ephedrine are alkaloids isolated 
from species of ephedra and are chemicslly allied to adrenalin. 
Physiologically ephedrine and adrenalin behave similarly in 
many respects. Epinine, a synthetic compound, possesses, in a 
marked degree, the pharmacological action of adrenalin. 

The discovery of type specific carbohydrates is among the 
most remarkable triumphs of chemistry in 
Carbolw^tea recent times. It has been observed that a 
derivative of gum arabic possesses properties 
resembling those of the specific polysaccharides of one of the 
types of pneumococcus serum. The value of polysaccharides 
possessing immunological funef ions, and the knowMge of their 
compo-sition, properties and structure must be of gn^at value in 
medicine. The polysaccharides of the cholera bacilli and of B. 
dysonterise (Shiga) have been investigated. 

Vernadsky has put forward a hypothesis that the living 
organisms possess a selective power between 
Isotopes a n d igQ^opeg of an element. Among the plants, 

lation to life. Loriiig aiid Druce have shown that in the 

potassium of potatoes isotope of atomic 
weight. 41 predominates while in ordinary f>otassium the chief 
isotope; is of atomic weight 39. In the case of man the future 
may reveal that isotopes of elements play an important part in 
the maintf'nance of health and that they may vary in disease. 

Barnes has suggested that the polymerized molecules of 
water are of primary importance in physiological processes. 
The disoo-very of the hydrogen isotope (deuterium) of mass 
2 and the isolation of quantities of ‘ heavy water coiitaining 
this isotope have opened a new field in the physiology of water. 
Gortner considers that the water in the Medusa is as much 


‘ alive ’ as are the proteins, the fats, the lipides, or the carbo- 
hydi’ates. The water relations and different molecular forms of 
water in the living organism lie at the foundation of problems 
concerning both health and disease. It has been held by 
him and others that in lyophilic hydrosols and hydrogels 
the water may exist in two states, i.e., in the state of 
free water which is characteristic of water in bulk and in 


the state of bound water which is characteristic of the lyophilic 
system, and that the equilibrium between free and bound water 
is undoubtedly of major importance in vital phenomena. Two 
hypotheses have been presented as to the possible naturt of bound 
water: (1) an oriented adsorption of the water dipoles at the 
interface, and (2) an oriented adsorption of hydrogen and 
hydroxyl ions. The effect of the substitution of the deuterium 



46 Twenty4Mrd Indian Science, Congress. (24) 

form of hydrogen in place of ordinary hydrogen and of the 
isotopes of other elements into organic molecules may have in the 
future an important apjdication in biochemistry and medicine. 

I have referred only to a very few achievements in 
medicine due to the application of chemistr 3 '^ in recent times. 
The advance has been so very great that even in snake venom 
has been found a therapeutic application for the relief of the 
terrible pain of inoperable cancer or as a systematic haBmostatic 
in uncontrollable haemorrhage. The sex hormones are having 
therapeutic applications, and the pregnant mare’s urine has been 
found useful in pituitary cachexia with disturbance of circulatory 
regulation and on the metabolism of carboliydrato and fat. 
Ovarian extracts have been used in the treatment of haemo¬ 
philia. 

The relation between chemical constitution of compounds 
and their varied physiological and therajxmtic properties, though 
at present consisting mostly' of jumble of empirical facts raa,y 
one day lead to generalization of vast importance. Thera¬ 
peutics is moving today from merely qualitative to quantitative 
foundations. Some of yon may live to see that remarkable 
results may be attained by chemistry in the treatment of 
diseases like tuberculosis or cancer for which chemical thera¬ 
peutics has at present day onlj’’ a limited application in gold or 
selenium and lead respectively. It may be mentioned in })assing 
the interesting results obtained in Berlin by Fischer on cancerous 
rats. By keeping these animals in pure oxygen, under a pres- 
.sure of 1*5 kg. per sq, cm. for 24 hours, he observed that the 
tumour exploded literally outside of the body, tearing the skin, 
and was finally eliminated as sloughing tissue. Cr^^stallinc insulin 
free from impurities is now available. Mandelic acid, phenyl- 
hydroxy-acetic acid and its sodium salt are very recently coming 
into use in the treatment of B. coli infection of the urinary 
tract, the principle of treatment being based on the fact that a 
ketogenic diet leads to the production of j8-hydroxybutyric acid 
which is the effective agent in the urine of patients treated with 
a ketogenic diet and which is allied to mandelic acid. Newer 
treatments of epilepsy, of myasthenia gravis and of agranulocy¬ 
tic angina are coming in the field due to the triumphs of chem¬ 
istry. You may see the synthesis of other and newer vitamins 
and internal secretions as well as extracts from different organs of 
the body 83 uitho 8 ized or isolated in a pme state and used in 
medicine for the treatment of disease. We look forward to 
the day when endocrine preparations will be available for oral 
administration and the dread of the needle averted. 

Physics. 

I now pass on to the contribution of physics to medical 
science. Its application is partly for the purpose of diagnosis 
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of diseases and partly for their treatment. Further, physics 
is slowly evolving new conception of living matter by X-ray 
analysis, by improved methods of microscopy and by the ad¬ 
vancing knowledge of the constitution of matter. 

It is not my intention to give here an account of the 
various apparatus that physics has made available for the 
diagnosis and treatment of disease as .sucli an attempt will be 
merely cataloguing. 1 shall only jofer hcie to some of them 
that have been of striking value in medicine or that may pro\ e 
useful in the study of the structure of organic matter. 

The Electro-cardiograph is a valuable a])paratus for studying 
certain diseases of the heart. A portable 
Tantio ra^*h' a])i)aratus which can be taken to the patient’s 
hoiise and which is constructed on the ])rinci})lc 
of the string galvanometer is now available. Another ])ortiable 
E!e(!tro-cardiograph based on the ])rincij)le of the valve-amj)lifi('r 
is also available. By means of a s])ecial Electro-cardiogra]>h 
outfit, simultaiKiOUs records of a heart may be obtained in 
the wards of a hospital for purposes of research showing (1) 
heart sounds, (2) (dectro-cardiogram, and (3) carotid pulse by 
means .of Hill’s wire sphvgmograph. An aj)paratus (‘onsisting 
of a St(dhograi)h combined with an Electro-cardiograph is now 
available. The combined Electro-cardiograjih Stethograph may 
proA'e a valuable aid in cardiology. 

The Electro-cardiogi’aph has shown that tracings iakeii of 
patients dying of various maladies can demonstrate that for some 
time after clinical death, some cardiac activity could be registered, 
the duration varying from six to twenty minutes. Thest* obsei- 
vations show that in cases in whicli there is cardiac stand-still 


during ansesthesia or in the new born, resuscitation may be 
effected by timely cardiac injection or needle puncture. There 
may be other conditions that may ))e discov^wed in future in 
which the .same may be possible. 

It may just be mentioned here that a convenient, new 
n»ethod of assay of vitamin based on electro(!ardiographic 
measurements, has Ijeen recently described. 

One of the most recent advances in biophysics is the dis¬ 
covery of some electrical phenomena in 
An Elf'ctro- human brain, which were originally 

the hitureT studied by Berger and subsequently by 

Adrian and Matthews, the latter observers 


using the Matthews’ Oscillograph constructed on the princii>le 
of a valve amplifier. The electrical changes consist of a 
rhythmic oscillation of potential with a frequency of about 
10 per second appearing when the person experimented upon 
lies quietly with eyes closed and disappearing when his at .;ention 
is fully occupied. Non-visual activities which demand the 
entire attention, e.g., mental arithmetic, as well as sensory 
stimuli demanding the same, abolish the waves. 
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Berger considers that this ‘ Berger rhythm ’ represents 
the normal activity of every part of the cortex of the brain, 
■while the experiments of Adrian and Matthews point to the 
conclusion that they arise from the activity of cortical cells 
in some parts of the optical lobe connected with vision. 

1 consider that future researches in this line may be as 
important in studying, as pointed out by Hopkins, the functions 
of the brain as the electrical changes in the heart are in studying 
cardiac diseases. An Electro-encephalograph may then be a 
valuable apparatus in medicine and may be useful for the 
study of the diseases of the central nervous system or of the 
mind, such as, anxiety neurosis or psychosis as the Electro¬ 
cardiograph has been in studying the diseases of the heart. 
Further work in this direction in the hands of Adrian and his 
co-workers is awaited ■with keen interest. 

One of the latest developments in microscopy is the use 
Ultra-violet of ultra-violet light with dark ground illu- 
ultra-microscopy. mination. 

Barnard’s technique and apparatus have 
made photography with ultra-violet light as certain and reliable 
as ordinary photomicrography. His microscope has already 
revealed the structure of some of the viruses and inclusion bodies. 
We are beginning to learn that there is no clear line of demarca¬ 
tion between the ultra-microscopic viruses and the visible bacteria. 
I hope that further advances in ultra-microscopy with shorter 
waves, aided ■with improved methods of fine adjustment and 
electrical equipment for producing the spark somee, will in future 
reveal the nature of the bacteriophage, and that of the smaller 
viruses which is not possible at the present day without the aid 
of biological tests. Differential contrifugalization, graded 
ultra-filtration, the recently developed methods of electron 
diffraction and micro-dissection may be helpful in this direc¬ 
tion. 

Thanks to the recent advances in the Ultra-microscope 
the nature of the filtrable viruses as a biological problem has 
assumed a new aspect in recent days. The view that viruses 
are small micro-organisms similar to ordinary bacteria is being 
daily confirmed. There is reason to believe that the size of the 
smallest virus which behaves like living organisms approaches that 
of the largest organic molecule. Until recently little evidence 
was available to suggest the existence of what may be termed 
saprophytic viruses except that of Eivers and Tillett who de¬ 
monstrated in 1923 the presence in the testicles of rabbits of a virus 
that is not normally pathogenic. Barnard has however demon¬ 
strated by means of refined examination of the deposits, which 
sometimes occur in medium containing horse or rabbit serum, 
the presence of minute bodies, which in size, shape as well as 
general optical properties are in no way different from undoubted 
pathogenic viruses. These bodies increase in number and are 
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seen to be in process of fission. They have been cultivated 
to the fourth sub-culture. This demonstrates the existence of 
virusc‘s which are saj)rcphytic in habit, and tends more and more 
to lend support to the theory that viruses are living organisms. 
The recent announcement made by Stanley of the Rockefeller 
Institute however complicates our coneention of viruses. Ho 
has rei)orted the separation, from the juice of Turkish tobat!CO 
plants inf(^cted with the mosaic disease, of a (crystalline protein 
that has thcj pro 2 )erties similar to tobacco-jnosaic virus. It is too 
early to speculate on the eventual significance of this funda- 
inental contiibution, with regard to its relation to virus diseases 
in animals or to other virus infections of ])lants. 

There is cx])eriineiital cvideiKce in recojit tinucs that tlie casual 
agent of acutcc rheumatism is ])robably a virus. 

It is not my intention to continue further reuuuks on ultra¬ 
violet ultra-microscopy })ut 1 can foresee that aided by X-ray 
analysis it will rtev'eal in fiiturtc more and more new facts about the 
vu'ust's and the bacteriophage than wliat is known in the pi’csent 
day and that the doubt ver^ recently expressed by some 
obs('rvors whether tlu^ viruses will ever he seem will cease. The 


association of viruses with the sj)(a;ific micro-organisms m bacte¬ 
rial diseases may in future be fouml to be more common than 
is imagined at tlie i>rc8ent day. 

Rhotomicrography with infra-red light makes it jmssible 
to investigate, with transmitted light, many 
j.in)r!ln'nphy objects which are black or ■'"cry dark brown 
in colour, and wliich consequently absorb 
\t‘iy stiongly both white light and for the most part also ultra- 
\ iol(l. light. The infra-red rays enabk' one to ])hotograq)h the 
veins of the skin or the diseased condi)i(m of its deej:)er layers 
or of the iris under an ojtaque cornea. 

In studying under the microscoiie colourle.ss objects. 

medical, zoological or botanical, Ave meet with 
difficulties, because as a rule they exhibit 
little o/Atical contrast and are barely visible. 
The usual jn'ociedure of chemically staining 
such objects is tedious and kills them unless 
thev arc stained "with vital stains. The JVlicroiiolychromar opens 
up a. new avenue for scientific investigation of such colourless 
objects. It provides a means of ' staining ’ them not chemically 
but optically. This optical staining has the effect of showing up 
the object brightly illuminated in one colour on a differently 
ired background. The objects are not merely differentiated 
from the background by virtue of their relative brightness but 
even when the background is as bright as the object, the object 
and background appear in contrasting colours. By meaus of this 
optical contrast staining, the fine structures are revealed with 
remarkable distinctness, the apparatus combining in one image 
the advantages of boi-h dark field and bright field illuminations. 


Th<' IMicrupoly- 
clirtiniar—()pticul 
s t a i n i ij K f 
colourless objects. 
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The value of such an apparatus in studying the structures of 
living cells and tissues particularly chromosome structure may 
be great. 

One of the recent advances in microscopy is due, to a great 
extent, to changes which have taken place in 
ropa . methods of producing the appropriate tyi)e 
of illumination. Of special importance is the arrangement for 
polarized light recently evolved for the Ultropak. This arrange¬ 
ment eliminates completely the glare and haze jvhich arises 
from direct reflection, so that the inner structure of the object 
may be observed in every detail and with a remarkable degree 
of distinctness, the image of the object being formed only from 
diflhised depolarized light reflected from its structure. It is a 
useful aid for the up-to-date worker engaged in microscopical 
research in general biology, zoology, parasitology and in experi¬ 
mental medicine, in which the observation of living organisms 
under high microscopic magnification is involved. 

But evidently the microscope has its limitations. 8ir 
William Bragg’s application of X-rays has 
X-ray crystal Jed the discovery of the projier structure 

to owuic and b‘o! <>'. ’"•“ch in teyond the limits of the 

cheraiatry. microscope. Until quite recently, the majority 

of the tissues, such as the hair and skin, were 
believed to be non-crystalline, but recent inv'estigations by 
means of X-rays and crystal physics have shown this belief 
to be incorrect and it has even been held that entirely non¬ 
crystalline materials are very difficult if not impossible to find. 
Minute regularities which are beyond the range of the microscojie 
can now be detected by means of the X-rays. 

Speaking of the crystal structures of the solid state, as 
revealed by X-rays, Sir William Bragg has stated that all the 
investigations of the solid bodies of every form aim at finding 
out the connection between their properties on the one hand 
and composition and architecture on the other. W’hile some 
of these properties are directly dependent on the atoms of the 
imit cell in the crystal, there are others which depend on atomic 
relations which are not fully developed within the cell. The 
action of the atomic forces in groups of hundreds or thousands 
or tens of thousands of atoms must be considered before we 


can understand these other properties of the solid state. It 
is within a region of dimensions covering groups like these and 
somewhere in the scale of sizes there perhaps enters, as Sir 
William Bragg says, the breath of life to control these atomic 
compositions which enter into living organism. It has been 
stated that ‘in structures produced by organisms, forces are 
active in their formation which are not present in solutions 
when ordinary crystals are deposited. The presence of these 
additional forces in living protoplasm prevents a clean-cut 
regularity in arrangement of the moleciiles; that is, it 
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introduces irregular arrangement of the molecules, or a degree 
of amorphousness. If this is the case, then the determination 
of the space group for a given organized substance will have 
little value ’ (Sponsler). But it is possible that further improve¬ 
ments in X-ray analysis may prove one day useful in considering 
the activities which occur in the protoplasmic matrix of 
organisms, and of structures which are produced through vital 
process. They may enable us to look into the mysterious 
protein molecule without destroying it and to discover whether 
diminution of the above-mentioned forces in any tiasue in 
<iisease or their cessation in death may be accompanied by a 
«.*hange of the amorphousness of the aggregates of the molecules 
to some more or less characteristic crystallite or crystalline state. 

X-ray methods of analysis may be applied one day in the 
study of the cancer cell and it is hoped that its application may 
increase our knowledge of cell construction and cell growth, 
which helped by our future knowledge of the colloidal state in 
living cells may one day strengthen our powers in combating 
the dreadful scourge of malignant disease. The changes that 
take place in the tissues in cancer and other pathogenic con¬ 
ditions have been studied by this method by Clark and co¬ 
workers. 

The animal fibres are built of stringy protein molecules, 
which are made of strings of groups of atoms. The length of 
these group.s which arc marked by joints at regular distances 
is always the same but their breadth varies and therefore a protein 
chain is more irregular tlian a cellulose chain. The protein 
chains can bo made up in many different ways. The difference 
between species of animals may be due to changes in the order 
of the groups in protein chains contained in their body. If due to 
an accident or disease, the order of the groups in a protein chain 
in the dividing chromosomes of a fertilized ovum was upset, 
the basic pattern for part of the tissues of the embryo would 
be changed, and as the tissues would subsequently grow according 
to the new pattern, the final structure would have a new pattern 
and different properties. The shuffling of the order of the unit 
groups of protein chains may be a fundamental agency in 
the process of evolution, normal or abnormal. It is difficult 
to determine the order of the unit groups in a protein chain 
by the methods of organic chemistry. But X-ray analysis may 
make the problem easier in future. A comparative study 
of the orders of these groups in the proteins of animals is now 
becoming possible and may one day enable one to investigate 
the internal structure of the organs more minutely than what 
is po^ible at the present day. There is no doubt that X-ray 
analysis has opened up a new way for the study of living 
matter. 

Electron diffraction gives information similar to that given 
by X-rays but with the important difference that a much smaller 
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thickness of material is effective in producdng the diffraction 
pattern. Layers with a thickness of about 10cm. containing 
ten molecular layers or thereabouts have been used and the 
effective thickness can be made smaller still by using slow-speed 
electrons. Another modern branch of physics is being developed 
which may be of x>ractical application in crystal physics, namely 
the technique of molecular rays. These have up to the present 
been used chiefly for studying the properties of atoms or mole¬ 
cules of substances which can be obtained in the vaporised state, 
such as the metals, the common gases, a few inorganic salts, 
and some organic liquids. Such a technique or that of electron 
diffraction may one day find a})plication in medical as well as 
in textile research. The processes of adsorj)tion of dixigs and 
dyes in the tretitmcnt of disease as also of antibodies as well as 
many other facts in immunit}^ might iji future be studied liy 
these techniques. 

In recent years a new field has been opened up by the 
Spectrograph in the domain of chemical 
poe rogtap . analysis, both qualitative and quantitative. 
It has now become possible to apply spectrum analysis to 
biological problems, among which are to be counted all the 
questions arising in theoretical and i>ractical medicine regarding 
the metabolism of the heavy metals and its significance for the 
organism, whether healthy or diseased or the treatment of 
<lisease by the administration of heavy metals (Gerlach and 
Gerlach). 

Until recently the only metallic elements consideied as 
playing an important jmrt in animal and vegetable life were 
sodium, calcium, phosphorus and iron and, to a less degree, 
potassium and magnesium and to these may be added silicon. 
The powerful influence sometimes exerted on life by very small 
quantities of elements, such as, copper, arsenic, mercury, iodine 
and boron, etc., as revealed by recent knowledge has led to an 
increasing need for improved rafud and accurate methods of 
analysis for detetding and estimating minute quantities of 
elements. Results obtained by the flame method of spectro- 
graphic analysis are applicable for this purpose. 

As an example of the application of the Spectrograph 
to medicine, 0*1 c.c. of blood may be taken from a patient 
suffering from severe anaemia every 10 or 12 days to study 
the effect of treatment. The blood is rolled up in small places 
of ashless filter paper and speotrographed on a plate and thereby 
changes in the various constituents of the blood, such as potas¬ 
sium, rubidium, magnesium, calcium, iron and copper may be 
readily followed. 

It has been shown by this method that human hah and 
finger nails contain minute quantities of copper and silver, 
varying in quantities with the age of the people. By its means 
the routine determination of the vitamins may be studied. 
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The study of absorption spectrum bands given by the different 
vitamins has helped in the work for the determination of the 
chemical nature, the concentration and assay of vitamins. 
Similar methods of haunoglobinometry arc now available. 
Spectrum analysis has become of great iinportance in ])atho- 
logical as well as forensic medicine for detecting traces of metals 
in human organs. It has been iveently ^inployed for studying 
the nature and the constitution of the amino-acids of the protein 
molecule as well as for their quantitative analysis. 

Studies on the size and structure of the molecules of 


rri, * r proteuis, as well as upon the moh'cular 

weights of certain enzymes, earned out with 
the aid of Svodberg’s ultracentrifuge, constitute a new and pro¬ 
mising application of physics to medical researcL and valuable 
work has been done with it in connection with blood ])igmcnts 
and scrum proteins. It may be helpful in the study of immu¬ 
nology and the physical (‘hemistry of blood. 

The Ophthalmo-eikononu'ter has been developed for measur¬ 
ing the siz(> and shape* of ocular images and 

o?llmI(.nirter. opened up a new field in ophthahnology, 

])sychoiogy. and neurology. It consists of 
the study of image size variation in binocular vision. 

A technique has fiocn devidojiod, ‘ by moans of which the 
hiains of mammals can be stimulated at accurately defined 
points and a correlation established between the locus of 
stimulus and physiological function Tnterest'ug possibilities 
lie in the determination of the influence of certain ]»arts of the 
brain over some of the organs of internal secretion and over 


the functions of the gastro-intostinal tract, the kidneys, (‘t^. 

A method has been recently evolved which ])crmit.s obser¬ 
vation of the form and behaviour of living colls ])roviding a 
valuabhi moans for studying nervous control of the circulation 
and the nature of nerve destruction and regeneration. 

Operative work on the living cells has long been the aim 
of investigators in cytology and in expei'i- 
eulbryology. By micro-dissection and 
dissectior. injection the physical structure of protoplasm 

has been determined by Chambers and others. 
Until recently the results obtained by the micro-dissection 
method related to the vi8CO,sity, the differentiation of cortex 
and interior, the nature of the surface film, the nature of 


chromatic and achromatic structures in dividing nuclei, internal 
and surface changes influencing cell division, protoplasmic changes 
accompanying fertilization, and the effect on protoplasm of the 
injection of certain substances. 

One of the most important applications of micro injection 
methods for the study of cell-physiology is the role of electrolytes 
in the maintenance of protoplasmic structure and function. K 
and Na are far more toxic when applied externally than when 



54 


Twenty-third Indian Science Congress, 


( 32 ) 


injected, the order of toxicity for the immersion experiments 
being K, Na, Ca, Mg. 0a0l2 is considered to have the most 
marked toxic effect on the internal protoplasm. MgClj is consi¬ 
derably more toxic to it than either KCl or NaCl. f^om the 
above and similar experiments, it is presumed that the main¬ 
tenance of the colloidal state of living protoplasm depends upon 
the presence of definitely proportional amounts of different elec¬ 
trolytes. The relative amount of different types of salt present 
must be in such proportions that the solidifying action of the 
one is balanced by the dispersive action of the other. K is said 
to be a labiliser while Ca is a stabiliser. Ca is essential for the 
formation and maintenance of the protoplasmic membrane. 

The determination of the hydrogen-ion concentration of 
protoplasm has been considerably developed in recent years by 
micrurgical technique. Both colorimetric and potentiometric 
methods are possible for the determination of the pH of pro¬ 
toplasm by the use of micro-electrodes. By means of this 
technique it is found that the living protoplasm of widely 
different types of cells has, under normal conditions, a remark¬ 
ably constant pB’ value. The technique has also rendered 
possible the study of the oxidation-reduction potential of 
protoplasm. 

The recent investigations in micro-dissection of human 
polymorphonuclear neutrophUes show no marked divergence 
from Chamber’s excellent description of the physical structure 
of cells in general. It would seem, however, that the cell mem¬ 
brane, in this case, is more rarely a naked surface film than he 
ascribes to most cells. The cytoplasm is more liquid than that 
of the monocyte and clasmatocyte. 

Observations by micro-injection method on plant nuclei 
show evidence of an elementary structure together with a fluid 
sap in the resting nucleus and supports the view that, in plant 
cells at least, a persistent frame-work exists which might account 
for the genetic continuity of the chromosomes. 

X-ray diagnosis has improved in the present day to an 
j, „ , almost spectacular extent; and radiation 

0 ogy* therapy has now established its claim to an 
important place in the treatment of malignant disease. 

One of the recent advances in diagnostic radiology is 
undoubtedly the introduction of cholecystography by Graham 
and Cole. The radiologist can now visualize the biliary tract 
and the gall-bladder by means of tetraiodophenolphthalein; by 
the injection of air he can outline organs in the abdominal cavity 
and the sinuses of the brain. By the use of organic compounds 
of iodine he can make visible the lungs, the air passages, the 
interior of the uterus, the spinal canal, the pelvis the kidney 
and the urinary tract, and, by the use of a radio-active substance 
called thorotrast, the tissue of the reticulo-endothelial system 
including the spleen and the liver. Cerebral angiograms may 
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also be taken by means of this substance for the puri) 08 e of 
localizing brain tumours. Modern fluorescent screen enables 
digestive movements, heart beats or lung movements to be 
watched or cinematographed. Placenta praevia has also been 
brought within the possibilities of radiological diagaosis. 

Perthes has found that the intensity of radiation falling 
upon a surface perpendicularly is inversely juoftortional to the 
stpiare of the distance of the surface from the focal point of the 
target of the tube. The cumulative effects of Roentgen rays 
were also studied by him, as also the fact that harder X-rays 
produce a longer latent period. He observed that X-rays as 
oKlinarily used are composed of mixed rays and filters were first 
introduced by him to cut off softer rays. 

By the standardization of physical and biologi-^al doses and 
the proper intervention of filters the dangers of radiation 
therapy have been greatly reduced in recent times. Today with 
the improved tea:hnique and modern equipment we can safely 
work Avith rays of much higher intensity than before without 
the slightest danger to man, mind and machine. 

X-ray and radium therapy is bidding fair to displace the 
knife in the treatment of certain forms of cancer. The response 
of tumours to radiation demands wide study, each type of tumour 
having a different response, both clinically and histologically. 
By contrasting the sensitivity of growths with that of skin—^in 
bi>th cases using the minimum lethal dose as the standard—it 
has been possible to place tumours in different groups—^radio¬ 
sensitive tumom-8, epitheliomata, adenocarcinomata and radio¬ 
resistant tumours. 

Views on radiation treatment have changed today and the 
single massive dose of X-radiation, advocated in former days, is 
now replaced by a series of smaller doses spread over a period of 
time. The r eal problem of malignant disease lies in the treat¬ 
ment of glandular metastases. For deeper lesions and gland areas 
we turn either to (a) X-rays which, excited by very high and 
ever-increasing voltages, tend to approach y-rays in quality, 
or to (6) large quantities of radium placed at distances remote 
from the skin with the object of obtaining the large depth doses 
possible with X-rays. 

The growing belief in the efficacy of ‘ teleradium ’ is indicated 
by the rapidly increasing number of large radium units being 
set up in the world. It is to be hoped that with advances in 
the technique of teleradium and deep X-rays, better results 
may be obtained in future in the treatment of cancer. 

With improvement in apparatus and technique it has now 
been possible to distinguish radiologically the softer tissues of 
the b^y from each other and the extent of invasion of new 
growths in them. 

Though the explanation of chemical, physiological and 
morphological changes in normal and pathological tissues on 
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irradiation in very acanty in the present stat(‘ of our knowledge, 
yet there is a promising beginning as will be seen in recent 
developments on the subject, especially in great laboratories 
in America, such as, the Mayo Clinic, Rockefeller Institute and the 
foremost medical schools. Special radiosensitiveness of cells 
has received emphasis in the hands of DesJardins and others. 

I may just say a word about the application of X*rays to 
genetics. The origin of the new genes by mutation has been 
shown to bo speeded up at least two hundred times l)y X-rays. 

Lawrence of the University of California, has succeeded in 
producing a radio-active form of sodium from 
common salt, having remarkable pro]iertie8. 
activity. enable sodium to be introduced 

safely into the animal system, and is likely 
to be of great value in medicine. He has announced that it would 
soon be possible to })rodnce chea]) radium for commercial i)urpose 
and it has been claimed that the discovery of artificial radio¬ 
activity in elements, otherwise inactive, will be of great(‘i' im¬ 
portance in medicine than the (lisco\-cry of natural radio-activity. 
Proto-actinium may have valuable tlierapentic properties. 
The new artificially ])roduced radio-acti^'e elements may ladore 
long replace the costly radium for therapeutic pTir])nses and 
for the study of many biological proccss('s. 

1 have already nmntioTied the uses of tlie ultra-violet and 
infra-red rays photogi'a])hy as an aid to 
niedicine. They have also had thera]ieutic 
therapy. ' applications in modern times. It is general¬ 

ly considered by many authoritative observers 
that ultra-violet and infra-red rays modify each others’ effects on 
the living organism, according to their several proportions in 
combined relations. 

Short-wave and ultra-short wave therapy is one of the 


latest branches of physical therapy. It is not my intention to 
giv’^e an account of the various branches of electro-magnetic 
wave therapy. I shall only very briefiy refer to short-wave 
and ultra-short wave therapy. 

The better results claimed for the very powerhil short-wave 
instruments may be partly explained by the greater capacity 
effect obtained in the tissue as the wave-length decreases. 

It has been inferred that the more delicate the structure. 


either of cells or micro-organisms, the greater would be the 
disruptive action of short and ultra-short electromagnetic 
vibrations. 


Though some observers hold that there is very slight or 
even total absence of appreciation of heat during the adminis¬ 
tration of a short-wave treatment which maj’^ be followed by 
most satisfactory results, yet many attribute the whole action 
of ultra-short waves to the heat action. They state that ex¬ 
periments which have been carried out in vivo and in vitro show 
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that they have no specific action on bacteria or tissue-cells and 
they have observed that bacteria soaked on to a piece of gauze, 
placed under the skin of animals and exposed to ultra-short 
waves are undamaged with lethal doses of ultra-short waves, 
and there is no change* in fragility, sedimentation rate, and 
bactericidal power of the blood following ex])osure ni vitro. 
They conclude that the action of ultra-short waves a])pears to 
be coagulative necrosis and extreme ^'aso-dilat,ation, which is 
similar to the action of diathermy high-fi‘equency currents of 
about .‘{00 metres. 

Whfitever may be the exact mechanism b;v which shoi’1- 
wave or ultra-short wa\(‘s show their thera])eutic effects, there 
is no doubt that tlu* advent of short-wave* thera])y o}M*ns up a 
field of treatment' of grciat ]>ossibililies hitherto totally um*x- 
j)lorcd. It has been h(*ld by some* that the outstanding differ¬ 
ence betW(*en long-wave diath»*rmy and short-wave thera])y is 
the ])eculiar effectiveness of the ultra-slioi't Avavo in infections 
and in cojjditions of suppuration, wheie diathermy is definitely 
dangerous, that this quality b(*longs only to the* ultra-short 
w'aves of from 0 to 3 m(*tr(*s and that between 15 ami 3t) metres 
th(*re is only heat effect. 

T shall not detain you by di.scussing the j)j*incipl(*s of 
diathermy or the various forms of light therapy as th<‘y are 
beyojid the limits of my thesis. It may 1«* said in bric'f that 
the rays of different wave lengths and frequencies have come 
into modem iwactice for the tr<‘atment of many diseases with 
(*xc<*ll(*nt results. 

1 ho])e that advances in photo-dxiiamic sensitization may 
in future l<*ad to the discovery of tlierajjeutic substances which 
will be ai*tivat{'d by the short infra-red, luminous, red, and 
orange rays and act as sensitizers in the jiresence of blood- 
serum. 


\A'hen w’‘e survey the immense development in the use* of 
light waves, visible, ultra-violet. X-rays, and others in the 
investigation of stru<*tures and the treatment of disease, with 
their future potentialities, it may be said without conceit—-truly 
we are beginning to see through a glass less darkly. 

Among the many useful aj)paratus which physics has 


pla(*ed at the dis])osal of medicine in recent 
^Artifk^al therapeutic pur])oses, T w'ould like 

respiration. mention here, as an example, one devised 

for ])rolonged artificial resj)iration. There 
has been of late an increased scientific interest in artificial 


respiration methods. The one mentioned here has been 
designed by Bragg and Paul and is known as Bragg-Paul 
Pulsator. It shows the triumph of an artificial apparatus 
in maintaining one of tlie most vital functions of the body, 
i.e., respiration, which it is unable to perform due to a physi¬ 
cal disability. There are some conditions, arising both from 
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accident and disease, in which long-continued and regular 
artificial respiration is required. Bragg-Paul Pulsator consists 
of a pulsator which rhythmically inflates an air-bag encircling 
the bony thorax of the patient below the armpits to a definite 
air pressure as indicated by a manometer. Although the 
lengthy need of an artificial respiration apparatus is rare, still 
it must prove very satisfactory in eases where its use is indicated. 
In one case a patient had artificial respiration on this principle 
for over two years with satisfactory results. 

Geology. 

The geologist has discovered numerous spas and springs 
which refresh and renovate the human system today. In 
schemes of drainage and irrigation, and of water-supply in 
general, that are bound up fundamentally with the health of 
mankind, the public health departments of civilized countries 
all the world over, look forward to the aid of the geologist. It 
is perhaps known to you that in one section of a town in an 
English county, the effects of calcium deficiency among most 
of the children were traced by the geologist to the poor-in¬ 
calcium drinking water of the clay zone area of the town. In 
the investigation of silicosis, a disease prevalent chiefly among 
miners, we find the phj^sician working hand in hand with the 
geologist who has been charged with the identification of the 
minute particles of mineral matter that find their way into the 
lungs of the miner. The application of the geologist’s methods 
has led to the detection of china clay and talc in adulterated 
food-products. In the investigations of the dust problems in 
big cities, the aid of the geologist is indicated. Endemic goitre 
has been traced to iodine deficiency in drinking water. Excess 
of iron may give rise to an endemic disease, the ‘ so-called 
mottled enamel ’ in man and some animals in certain places, 
such as Algiers, Tunis and others. 

Psychology. 

Mental disease, before the advent of psychology in medi¬ 
cine, was a terra irxogniUi. Eecent researches in psychology 
have thrown a flood of light on the domain of psychiatry. The 
significance of a mental approach to the problems of psychology 
had long been misunderstood, but today not only we have a 
better understanding of mental diseases by means of the psy¬ 
chological method but also we get extremely encouraging 
results in the treatment of such disorders and psycho-therapeutics 
has found a place in the armamentarium of the medical men. 

I do not know whether one would agree that the services 
of Freud to knowledge have been as great as those of Darwin, 
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and whether Freud’s extension of the idea of sex will stand the 
test of time, but there is no doubt that one of the greatest 
contributions to medical psychology in recent times is the concept 
of the dynamic imcouscious. To trace the genesis of mental 
disorders one has to dive deep into unconscious region of the 
mind. That the mind has an unconscious component was not 
at first accepted by physicians trained in the orthodox school. 
Awareness is not an essential characteristic of mental process. 
Significant changes may go on in the mind without our being 
conscious of them. It is in this unconscious region that the 
roots of mental disorder lie. 

It l as been recognised that the explanation of many fully 
conscious occurrences—which had previously been left unex¬ 
plained as simply coming ‘ out of the blue ’—might be found 
in this dimmer region. It was from this region of the mind 
Lady Macbeth uttered ‘ Here is the smell of the blood still; 
all the perfumes of Arabia will not sweeten this little hand ’. 

Attention has now been concentrated upon what might 
be described as the border region between the j>sychical and the 
physical. In fact, some of the psychologists—^the behaviourists 
—might be said to have gone over the border-line altogether 
and merged the psychical in the physical, but those medical 
uum who have come back again to their own special domain 
via psychology of this kind, have been disposed to view the 
physical from the ps 3 "chological point of view. Today a firm 
alliance has been concluded between medicine and 
psychology, and medical men have more and more fully re¬ 
cognised the necessity of studying the mental history of their 
patients. Much work has been done in the study of the un¬ 
conscious in many institutions, notably, the Nancy School. 
The aftermath of the great war was seen in many cases of 
nervous debility which are treated in famous clinics e.g. of 
Hadfield and others. The power of the instincts and the in¬ 
hibition of the latent forces, of their release, as well as the 
phenomena of fatigue, have been thoroughly studied to the 
great advantage of medical practice and efficiency. Modern 
psychologists and medical men are paying more and more 
attention to that aspect of psychological investigation of the 
bodymind known as sublimation of instincts and emotions. 
Many medical men at the present day devote themselves as 
specialists to the practice of psycho-therapy. 

It may be that the theories of genetic inheritance perhaps 
apply partially at least to mental characters. It is important, as 
Dawson has stated, that the latter should be distinguished and the 
manner of their inheritance traced out. Much work is being done 
in recent times for diagnosing and measuring imitary mental traits 
with the view of satisfactorily studying the genetic basis of 
mental traits. In this respect the co-operation of the medical 
man, the psychologist and others is imperative. 
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To some psychologists there is nothing more noticeable 
in recent years than the rapprochement between medicine and 
psychology due to a fundamental cause. They hold that partly 
this fmidamental cause is that the ultimate character of reality 
is mental, and that the days of scientific materialism are gone 
which ruled over advancing thought in the last quarter of the 
nineteenth century, under the leadership of Huxley, Spencer and 
those who thought with them. The attempts to explain all 
phenomena in terms of matter, which were in vogue half a 
century ago. have been considered to be unsatisfactory by those 
who hold that mind is no longer to be either ignored or compelled 
to wait in the ante-chamber assigned to non-descript chara(iters 
called opiphenomena. 

The effect of this has been seen amongst medical men and 
has made them more disposed to admit, a close association 
between mind and matter. It is recognised by them that 
mental factors arc amongst tin* most important, and that these 
may be treated with a considerable prosj)ect of suc(iess. 

In the present day, it is all to the good that man should 
be treated as a unity of body and mind, instead of being handed 
ovoi’ as it were to rival practitioners—to medical men on the 
one hand, and to the psychologists on the (jthcir. Therefore 
the alliance between medicine and psychology is to be welcomed. 
It is fitt ing that medical men 

‘ t^ihould study passiuu ; tiovv clso (‘Urc Tiiaiikind 

‘ Will) como for h(>li> in puHsioiiutc oxtreiiii's.’ 

‘ VVlu* I'ould express witii more prophotie \dsion this .subtle 
reliitionsliip l>elter than he who was both poet and physician . . . 

. . for in truth the mind is undiasocinble from what, it (loutem- 

plates.' 


Mathematics, 

Bayliss once remarked that the ultimate aim of all sciences 
is to express in a mathematical form the discoveries that have 
been made in them. Though it is a difficult problem to express 
all facts in medicine in a mathematical equation, yet the 
application of mathematics to medicine is increasing in recent 
days. 

Within recent times nomograms or alignment charts have 
been constructed for finding the total number of calories con¬ 
tained in any diet of known composition, for respiratory quotient, 
and for colour index of blood. Observers have worked out 
more or less elaborate mathematical methods for building up 
a suitable diet for any particular diabetic patient. These have 
been calculated on a knowledge of the so-called basal metabolism 
needs of the patient, his body weight, height and surface. The 
vitamin requirements of man have been put in a mathematical 
formula. The curve of healing of a wound was developed by 
Carrel and others during the war. 
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Various equations and curves have been formulated in 
connection with disease, such as the periodicity citrves of epi¬ 
demics, theory of happenings in its application to epidemic 
and endemic diseases, of life tables and of carriers of disease. 
The latter is of special value in India. I need not dilate upon 
them in detail here any further. 

It has to be remembered that the a])plication of mathematics 
to medicine has its limitations. AH patients do not react in 
exactly the same way and some siibje<!ts appear to be be\"ond 
the control of mathematical formula. The various tables and 
f^’urves used in modern work arc no doubt of gj’cat scientific^ 
interest out they have their limitations. 

l^ndetermined factor's exist in more exact sciences like 
physics and chemistry. It is therefore to be exjacted that the 
same might be still more manifest in the sciem-e of medicine 
which has to deal with disease's of the body and mind and in 
which there are many comjjlicated and undetc'rmincid factors to 
operate. In investigating a science wliicb deals with diseases 
of the mind we have to employ oni' mind to tell ns about itself, 
and this we must do as a neec'ssity, since w'e hav'c no other 
instrument with which to conduct oni' investigation. Mind is 
therefore both executive and judicial, it. is both judge and jury 
in its own cause. In such a science' there must be many 
nudeterminable factors. 


CONTCLUDING KEM.4RKS. 

Forecast. 

From what 1 have stated, it is clear that the various 
sciences can be of great service to MEDICINE. Sonu' of them 
have contributed very substantially to the relief of human 
suffering from disease. They can obtain valuable findings for 
the clinician in diseased conditions which may be helphil to 
him, but the responsibility finally rests with him as to how^ to 
act upon their findings. This shows the great imijortance of 
what is called today Clinical Science. Anatomy the science of 
structure of the body, physiology the scieiicic of fimction 
and the meeting ground of physics and chemistry in their 
application to problems of health and disease and biochemistry 
the science concerned with the chemical processes underlying 
the activities of living matter, can bo of great service to the 
clinician. In recent times, the need for increased application of 
physics and chemistry to medicine has grown with tremendous 
rapidity. 

‘ The aim of all medical science is to control suffering, to 
prolong life and to keep mankind in a state of vigorous health ’. 
The science of MEDICINE, which was once mostly limited to 
the study of disease, is now concerning herself with the study 
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of health, by the increasing knowledge of nutrition, environment 
and eugenics. Though some may say that mathematics or 
metaphysics is the queen of sciences, yet I hold that MEDICINE 
is still another or more properly speaking, she is supreme among 
the queens of all sciences. I hope that all your sciences will 
serve her duly and to her best advantage, so that the person 
who professes her may give more and more relief to his patients 
in the mitigation of their sufferings by the light that he gets 
through your agency. 

The newer conceptions of life advanced in recent years 
have opened our minds as to the nature of the living organism. 
Evolutionally, we see life adapting itself to many varied condi¬ 
tions and to considerable extremes of environment. The mo.st 
versatile is man who is found from pole to equator. His capacity 
for adaptation has been achieved and can be maintained only 
by the possession of an almost changeless and constant medium, 
the blood, which acts as the direct environment of his most 
\'aluable possession, namely, the brain. Man’s whole body 
mechanism is organised in order to preserve ‘ La fxite (k milieu 
interne’ as it was called by Claude Bernard. One hears in 
physics of the so-called constants of nature such as speed of light 
or Planck’s constant, but surely the level at which the e.ssen- 
tial blood constituents are maintained may also with justice be 
called the supreme constant both of and for Homo-sapiens. It 
is no passive state; dynamic equilibrium holds it where it is, 
and it preserves for us the sole condition for the progress of the 
development of man and his civilization. And when disease sets 
in, MEDICINE comes to his aid to maintain this constant or 
else he may deteriorate and die. 

‘ Yea and how delicate. Life’s mighty mystery . . 

.all its self propagating organisms 

exist only within a few degrees of the long scale ranging from measured 

zero to unimagined heat.Nor could they ctidiiro 

wore’t not that by a secret miracle of chemistry tliey hold internal 
poise upon a razor edge that may not even bo blunted, lost we sicken 
and die.’ 

In million million years, the earth’s temperature may be 
reduced to such an extent that it would be rash to predict how 
such a fall of temperature may affect man’s life. What then 
will be his blood constant ? I can not say. If then he lives, 
MEDICINE will still be called upon to mitigate the diseases 
that may attack man in that dim distant future. 

It is immaterial for the purpose of my thesis whether the 
universe is fast proceeding to dissolution and death, by the rapid 
increase of entropy, according to the laws of thermodynamics 
and along with which man will meet the same fate, or whether 
creative evolution will lead in millions of years to the pro¬ 
duction of superman with new superkingdoms which are beyond 
the limits of our imagination. But whatever that may be as 
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long as man exists, MEDICINE will have to deal with the 
infirmities of the degenerate man or the superman, as the case 
may be. 

The discoveries in MEDICINE and its ancillary sciences 
in recent times have been phenomenal. We do not despair 
and say what Richet has said in the ‘ Impotence of Man ’ that 
‘ with the aid of a few drugs, we succeed in minimising for a 
time a few trifling morbid phenomena wliich cause us dis¬ 
comfort As DU Nuoy has stated, a day may come when the 
methods of treatment, generally used today, will appear to us 
as gross as do now the methods of Mr. Purgoii, of Moliere’s 
‘ Malade imaginaire ’. 

Who knows what the future of MEDICINE after ten or 
hundred thousand years will lead to. Perhaps, in a?ons to 
come, it will be the conquest of old age and in complete immu¬ 
nity from disease. Could we not dream of a day w'hen one 
shall see ‘ all diseases quenched by .science, no man halt or 
deaf or blind What sort of bodymind will then he evolved, 
1 shall not speculate to say. 

But man’s destiny may take a different and darker turn 
in future. Newer diseases w'orse than cancer or plague or the 
worst virus disease of today may attack him in the future. 
(Circumstances over w'hieh man may have no control, may 
lead to the deterioration of his body and mind resulting 
in the creation of newer maladies. The.se may rendei' the 
task of MEDICINE more and more difiicult. Catastrophies 
may ocemr in the wwld and eivilization may rcgre.ss. Such 
a cataclysm may be a geological one or due to a devastating 
world war much more terrible than is ever known in history 
or to a fatal epidemic which may spread from one part of the 
world to another with terrific rapidity or as Spengler and others 
hold, it may be a cyclic process jmssing through the alternate 
periods of growth and development on the one hand and decay 
on the other, as evidenced by the various ancient civilizations 
of the world which have now ceased to exist. But whatever 
that may be, ‘ MEDICINE and civilization will advance and 
regress together ’ for all times to come. 

The contribution of MEDICINE to civilization aided by the 
other sciences is great. A healthy body means a healthy mmd, 
and such minds are less likely to cause internal or external 
strife. There is no doubt that a large part of the greatly increased 
comfort and safety that we enjoy today is the result of the 
phenomenal advances that have been made in the medical 
sciences in recent times. I would say with Howard Haggard 
‘And finally the physician’. He rightly holds that ‘Medical 
history discloses the forces that have made our modern civiliza¬ 
tion possible . . . . ‘. That modem medical science is today 
one of the strongest forces operating for human betterment—^it 
is the religion of healthy childhood, manhood and womanhood 
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Ill spite of recent occurrences, will not a day ever come 
when one may say that 

‘ The war-drum throbb’d no longer, 

And the battle-flags were furl’d 
In the Parliament of man, the Federation 
of the world ’? 

I conceive such a day may come and that slowly and 
slowly, physical warfare will give place to warfare of the 
intellect. There will be no jealousy, and superiority or in¬ 
feriority complexes will cease to exist. Slowly and slowly, man 
will live not by the destruction of the lives of his neighbours 
and sei?!ing their property, but bt" making ever}’ part of the world 
healthy and Ixabitable by improved methods of hygiene and 
thereby minimizing the need foi‘ the control of iropulation, the 
overgrowth of which has been considered to be, to a great 
extent, resjwnsible for many wars of the world. There will 
be no inadequacy of food siijr^ily which has led to many M’ars of 
aggression in this world. 

With his coneeirtion of the horrors of war, the MEDICAL 
man is a. tit i»erson for preaching the gospel of abhorrence 
of war. He can depict to you scenes in which, with his Sisters 
of the Red Cross, he picks up the wounded from tlie battlefield 
in the midst of most frightful agonies and tries to extract a bullet 
from the heart or the shattered brain or to transfuse his own 
and his assistant’s blood into the vein of a dying soldier when 
the guns are roaring in the battlefield, irrospe uive of whatever 
camp ho belongs to. I hope that in every ])eace league of the 
world, the MEDICAL man may have some rej>rcsentation, not 
as a diplomatist, but as one whose motto is that the well¬ 
being of mankind throughout the world should be effected 
without any destruction of life. A day may come wh(;n the war 
mentality of individual statesmen, which may lead to war 
psju’hosis among the people, will bo analyzed and corrected by 
the psychiatrist and the psychologist. In this connecition one 
welcomes the recent manifesto issued by the Committee for War 
Prophylaxis of the Netherlands Medical Association. 

Could we not di’eam of a day when economic depression 
and unemployment will be ended, thanks to the increasing 
scientific development of newer industries and newer field of 
fruitful work, and there will be leisure to enjoy the beautiful 
fruits of the earth that science may provide, and when man 
relieved from toil by his mastery over the great sources of power 
in Nature, will have the opportunity of being richer, happier, 
healthier and freer than ever before. I conceive that this is 
possible if, as Jeans has suggested, there is a proper balance 
between labour-saving devices and industry-increasing disco¬ 
veries. MEDICINE, which includes preventive medicine may 
help here in its own way by eradicating and preventing disease 
and thereby increasing man power and the capacity of the 
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people for work, for taking part in the development of newer 
industries and agriculture, and for defending the country in 
times of need. 

If one studies the evolution of man, one finds that his in¬ 
tellect is growing out of proportion to his body. The caveman 
was perhaps stronger in bodily strength than the strongest man 
of today. Is it possible that man’s body may become smaller 
and smaller, his fierce, destructive, and other base instincts and 
feelings may be sublimated and his mind grow more and more 
and in the aeons to come become independent of matter ? Even 
then MEDICINE will minister to the ‘ mind diseased ’ in which 
perhaps, physics and chemistry may have no part to play. Or 
is it possible that after reaching its zenith of development, the 
mind may begin to regress and body begin to gr )w and thus a 
perpetual cycle may continue in which body and mind may 
alternately undergo growth and decay for eternal times ? Or is it 
passible that, finally, the mind of man may merge into the eternal 
and infinite Mind and feel ‘ Soham ’ i.e., I am He. 

If in dealing with my subject, I have sometimes drifted to 
a mystic region, I would justify myself by repeating what 
Einstein said ‘ It is enough for me to contemplate the mystery 
of conscious life perpetuating itself through'all eternity, to 
reflect upon the marvellous structure of the universe which we 
can dimly perceive, and try humbly to comprehend even an 
infinitesimal part of the intelligence manifested in nature.’ 

Some of 3 "ou may perhaps say that ‘ the progress of science 
. does not afford any evidence that the behaviour of living matter 
is governed by any other than the laws of physics and chemistry ’ 
(Bertrand Russell). But who can deny what (lowlandHopkins 
once said that ‘ there may be yet higher levels calling for dis¬ 
cussion in quite different terms ’'? The mechanism of life can 
not be explained by the physics and chemistry of today, 
though perhaps some of it may be explained by some ultra- 
physico-chemical laws that may be discovered in the future. 
Even then one may not be able to say wherein, from the- radia¬ 
tions to the body mind, enters the breath of life. 

The bodymind of man is the finest product of the universe 
even when compared with the most magnificent of the stars and 
the nebulee. Man’s appearance cannot be regarded purposeless or 
accidental or as a sign of disease. He has discovered the laws* 
of motion and of relativity as well as of radio-telegraphy, radio- 
telephony, aviation and television. He unfolds the constitu¬ 
tion of the stars and the nebulae, millions and millions of miles 
away from the earth. He calculates the weight and tempera¬ 
ture of the stars and determines their ages. He finds out the 
constitution of the atoms and discovers the cosmic rays. He 
smashes the atoms and produces new radio-active elements. He 
transforms one element into another. He may, one day, be 
able to determine the mathematics of the atom by means of his 
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calculator. He tries to find out when and how primordial life 
came into existence. He tells the story of the oldest man who 
existed in the earth a million years ago, and gives the history 
of his evolution. He discovers the chromosomes and finds out 
the structures that are responsible for heredity. He discovers 
and dissects the micro-organisms of disease, and finds the 
defensive mechanism against their attacks. He studies the 
specific carbohydrates and proteins, and tries to discover the 
structure of the viruses and the bacteriophage. He discovers 
the treatment of diseases once considered incurable. He records 
the electric changes of the brain cortex of man in various 
cerebral states, and may one day record human thoughts on 
a sensitive plate. He studies the endocrine glands, and 
synthesizes their secretions. He may one day be able to 
influence the sex of the embryo at his will. He cultures the 
organs of the body and studies their growth in vitro. Ponce 
de Leon did not perhaps search for the impossible and un¬ 
attainable when he sought the fountain of eternal youth, for 
man may one day conquer old age, disease and death. 
Though I dare not say what the ‘ final secret ’ is likely to be, 
yet the bodymind of man must be today the consummation 
of the work of the Great Design. In this most complicated 
machine in which, it may be said, ‘matter, life and mind 
translate roughly into organisation, organism and organiser 
(Smuts),’ MEDICINE tries to give the healing balm to act as a 
powerful agent for the maintenance of harmony and strength 
when disease sets in. 

Let me now tell you what MEDICINE may do in other 
directions. 

In the present day one cannot fail to be stmck by the 
great increase in the varied functions that have come to be re¬ 
garded within the province of the MEDICAL man. ‘ He has in 
large part taken the place of the parson. He has made en- 
croacfajnents on the functions of the lawyer, the legislator and 
the judge, of the schoolmaster, the architect and the statistician. 
He has assumed some of the duties of the parent and guardian, 
wjbile even the soldier and the policeman are to some degree 
under his control. In the orderii^ of their lives, and even in 
the regulation of their vices and the reform of their short- 
comings, men and women are far more willing to seek the 
advice and help of the medical man than once they were. The 
reason is, without doubt, that his advice is much more worth 
having than it once was’ (Singer). 

LMtly there is that won^rful mfi.uence of the mind of the 
true PHYSICIAN upon his patient’s body and mind. The 
influence has been well expressed m the following words; 
‘Nothing can take his place—^not priest nor minister nor all 
the clhucs that science can provide. There is a rappOTt and a 
confidence between him and his patient which has bW kpown 
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to accomplish miracles.’ If this force exists, I call it ‘ person- 
alitism the force that mind may exert upon mind, body and 
disease. 

Thus we see that the functions of the MEDICAL man are 
manifold. Still with all humility he says 

‘ If I can ease one life its acliing 
Or brush away one pain 
If I can stop one heart from breaking 
I’ll not have lived in vain. 

If I can help one failing brother 
Into his strength again 
If I can calm one fretted mother 
I’ll tiot have lived in vain.’ 

I am afraid my address is ‘ not much better than that noise 
or sound which musicians make while they are tuning their 

instruments.So I have been content 

to tune the instruments of the Muses, that they may play that 
have better hands ’ (Francis Bacon). 
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SOME SOLAR PROBLEMS. 

Without the suu we should have neither food to eat, nor 
yet sufficient warmth to keep us alive. Although the sun is 
a vital necessity for the existence of all forms of organic life 
on this earth of ours, this is not the only reason why the physical 
constitution of the sun has been for long a question for detailed 
investigation by astronomers. The stars and planets have 
been a favourite object of study by mankind for untold centuries. 
Our later studies of the stars have called attention to the fact 
that in the stars physical processes are taking place under condi¬ 
tions which are not available in any earthly laboratory. In the 
interior of stais the atoms are exposed to temperatures and to 
radiation transcending any conditions wliich we can produce 
in the laboratory. If the properties of matter under these 
extreme conditions can be studied, we shall better be able to 
understand the properties of matter still mysterious to us in 
our laboratories, and perhaps be able to apply our understanding 
for the use and benefit of mankind. But whatever may be 
our ultimate reason for studying the stars, they are so far away 
from us and the light from them is so faint when it reaches us, 
that an intimate knowledge of them must always l>e a matter 
of difficulty. The stars are so far away that they appear to 
us as mere points of light and no telescope, however powerful, 
can bring them near enough to let us see their surfaces. We 
are however favourably situated as regards one star, namely 
the sun. We are so close to the sun that we can see its actual 
size in the sky. It is the only star whose surface we can study. 
The phenomena which we can see on the surface of the sun 
reveal to us the conditions prevailing in the outer envelopes 
of stars, which must have been hidden from us if we had not 
had the sun’s surface available to us to reveal their possibilities. 
Whether or not it is a mere accident which has placed us near 
enough to one star to see its surface, our knowledge of the stars 
in general owes a great deal to the fact that we can make a 
detailed study of one of them. 

In selecting the solar problems which I might bring to 
your notice I have been largely influenced by in\'estigation8 
made at the Kodaikanal Solar Physics Observatory in South 
India, and the problems I mention below are some of those which 
have recently occupied much of our attention in that Observatory. 
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The first problem relates to prominences. Let me recall, 
in a glance, the appearance of the sun’s surface as it can be 
seen with modem instruments. The surface of the sun which we 
see with the naked eye, with or without a telescope, is called 
the photosphere. On this surface are seen the well-known 
sunspots, and we cannot see deeper into the sun, although it is 
entirely gaseous, than this surface. This photospheric surface 
emits a continuous spectrum corresponding to a temperature of 
3740°K. Its spectrum is crossed by a large number of absorp¬ 
tion lines, called, after their discoverer, the Fraunhofer lines. 
They are caused by an envelope some hundreds of miles thick, 
known as the reversing layer and consisting of most of the 
known terrestrial elements. At a total eclipse of the sun the 
moon gradually blocks out the sun’s disc from our view but as 
it advances far enough to cover the photosphere completely, 
the reversing layer remains uncovered for a few seconds befo^p 
it, too, is covered by the advancing moon. During these few 
seconds the reversing layer is seen without photospheric back¬ 
ground and it consequently shows now as an emission spectrum, 
known, on account of its short duration, as the flash spectrum. 
Thereafter, a still higher envelope some thousands of miles 
thick, called the chromosphere because it is coloured, and a 
more extensive but fainter envelope called the corona, remain 
visible throughout totality. Outside of a total eclipse the corona 
cannot be seen, although some partial success in observing 
the corona in full sunlight has been claimed by Lyot. The 
chromosphere, on the other hand, can be seen and photographed 
by means of the spectroscope and of its applications as a spec- 
troheliograph and a spectrohelioscope. lire spectroheliograph, 
for example, can easily reveal the chromosphere in full sunlight, 
using the light of either ionized calcium or of hydrogen, by 
covering up the photosphere with a disc to make an artificial 
eclipse of the sun in order that a long exposure can be made 
<m the chromosphere alone. Either by the spectroscope 
and its applications, or at eclipses, some prominences can always 
be seen extending to considerable heights above the chromo¬ 
sphere at different places on different days. The spectrohelio¬ 
graph can also reveal on the disc of the sun, dark markings 
which are quite distinct and different from sunspots. Ever 
since the discovery of these dark markings it has been recognized 
that they must be closely related to the prominences at the 
limb of the sun. 

The Relation between Prominences and Dare 

Mareinos. 

One of the problems which has been studied at the Elodai- 
kanal Observatory has been the nature of these dark markings 
refeired to above, and their exact relation to the prominences 
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at the limb. The majority of the dark markings are long and 
narrow, and lie in a direction inclined to the lines of longitude 
and latitude with the end nearer the equator more westerly 
than the end which is nearer the poles. Moreover, this average 
inclination depends on latitude. Those near the equator lie 
almost north and south but in higher latitudes they incline 
more and more with the polar end towards the east until in 
latitudes higher than about 40° they lie nearly east and west. 
The cause of this inclination is the polar retardation in the sun’s 
rate of rotation. Since the higher latitudes rotate more slowly 
than the lower, the polar end of a dark marking will, as time 
goes Oil, lag behind the equatorial end. Thir is well shown 
by the long straight marking of August 1927 illustrated in 
Kodaikanal Observatory Bulletin No, 89. It cro ssed the central 
meridian on August 2nd inclined at 40°; after a complete rota¬ 
tion of the sun it was again crossing the central meridian but 
with its inclination increased to 55°. 

Apart from any other interest, the variation of the in¬ 
clination of dark markings has proved a great practical conve¬ 
nience in studying them. For example, those lying along a 
parallel of latitude camiot be used for determining the speed 
of rotation of markings but those which lie in a direction ap¬ 
proximately north and south give the most precise values. And 
again, the latter kind is useless for comparing with width of 
a dark marking with the width of a prominentje whilst the former 
kind is more suited for this purpose. We shall see later on, 
that markings which lie neither north and south nor east and 
west, but in some intermediate direction, also have their uses. 

Another feature of dark markings as shown in hydrogen 
spectroheliograms is the fact that on each side of the length 
of the dark markings, there is a bright margin. These bright 
margins aie seen with greatest contrast when the marking is 
near the limb, but in this case the margin on the limb side is 
hidden behind the higher projecting dark marking. The relation 
of these bright margins is not yet completely understood. 
They are at a lower level than the dark marking, yet they are 
not evidenced in calcium spectroheliograms and are not shown 
in photospheric light. 

That there is an intimate relation between dark markings 
and prominences has long been recognized and is shown by the 
two following facts: (1) a prominence is nearly always seen 
where a dark marking touches the limb, and (2) when a well- 
marked prominence has been seen at the east limb, a dark 
marking is seen on the disc after a few days. A problem we 
have tried to investigate at Kodaikanal is the exact relation 
between the two, the prominence at the limb and the dark 
marking on the disc. A great difficulty arises from the fact 
that when an individual prominence is compared with its 
associated dark marking, inconsistencies prevent much progress. 
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A time interval must elapse between the dark marking being 
visible on the disc and the prominence appearing at the limb 
and it would seem that changes and movements in this time 
interval thwart consistent comparisons. 

Most progress in the comparing of dark markings and prom¬ 
inences has been made by considering averages, especially the 
average heights of the two phenomena. The height of a dark 
marking above the surface of the sun can be dedmred either 
from its changing area as it approaches the limb, or from its 
apparent motion in longitude. If a dark marking lay flat on 
the sun’s surface, its apparent area would decrease near the 
limb on account of foreshortening. The change observed is 
actually the contrary, namely the area increases near the limb 
compared with the centre. This increase is due to the fact 
that the dark marking has a height above the surface of the 
sun, and the rate of increase is a measure of the height. Mr. 
Salaruddin has given in Kodaikanal Observatory Bulletin No. 
96 his measures of the rate of increase of the areas of dark 
markings as they pass across the aim’s disc, and the average 
height of a dark marking above the surface of the sun he finds 
to be 31". The average height of prominences at the limb 
is known to be about 36", which is suflicieiitly good agreement 
with the height of a dark marking. 

The other method of deducing the heights of dark mark¬ 
ings depends on a discovery by d’Azambuja that they show an 
acceleration in the apparent speed of rotation when near the 
limb of the sun. Now the actual speed of rotation can be 
found from the time occupied by a complete rotation of the dark 
marking, and it is found to be about the same as the speed 
of sunspots. The apparent acceleration near the limb was 
interpreted by d’Azambuja as due to the height of the dark 
marking above the surface of the sun and he deduced their 
height from measures of the apparent longitudes near the limb. 
It is my experience that measures of longitude near the limb 
are subject to large errors, and consequently I have found 
it more convenient to measure the time required for a dark 
marking to pass from the central meridian to the limb, and 
vice versa. Dark markings which lie in directions lietween 
north (or south) and east are most suitable for these measures. 
It is a simple matter to measure the latitude where such a dark 
marking meets the limb at the time when a photograph was 
taken. The time when this part of the marking was exactly 
at the central meridian can be deduced accurately from the 
photographs taken when the marking was near the central 
meridian. The time interval required to pass from the central 
meridian to the limb, I have called the quadrantal time for the 
latitude measured. If a dark marking lies flat on the surface 
of the sun the quadrantal time would be exactly one quarter 
of the time required for a complete rotation. Now a complete 
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rotation (synodic) of a dark marking takes 27*27 days, and a 
quarter of this is 6*82 days. The quadrantal times are however 
less than this by an amount which measures the height of the 
dark marking above the surface of the sun. The average 
quadrantal time found is 5*55 days, that is it requires one and a 
quarter days less for a dark marking to pass from the central 
meridian to the limb, and vice versa, than for a quarter rotation 
of the sun. This corresponds to a height of 33*5" above the 
surface of the sun, a value which again is in surprisingly good 
agreement with the average height of prominences at the limb. 
The result mentioned above applies to the edge of a dark marking 
which is nearer the limb than the centre. This is the liighest 
part of the dark marking. The other edge, which is nearer the 
centre than the limb, corresponds to the lowesi part of the 
marking. It is surprising to find that the quadrantal time 
for this edge implies that it is at a considerable height above 
the surface of the sim; indeed the bottom of the marking is 
only 5*5" below the top. This has not yet been fully exj^lainod 
but I believe that the cause lies in the way the measures have 
been taken, namely that whilst they give the highest part of the 
marking correctly, they tend to select as the lowest part por¬ 
tions which are not actually reaching down to the surface of 
the sun. 

Some further measures are at present being made at 
Kodaikanal which will help to trace the connection between 
dark markings and prominences, but so far as the above results 
go, the evidence shows that the dark marking and the prominence 
are merely different aspects of the same identical solar pheno¬ 
menon. Perhaps this may seem a somewhat tame conclusion 
of what was only to be expected. Yet anyone who has endea¬ 
voured to trace the connection between the individual prominence 
and its associated dark marking would, 1 think, find that their 
identity was by no means obvious. If we are convinced of the 
identity of prominences and dark markings, the prominence l)eing 
a kind of profile at the limb and the dark marking being a 
kind of projection on the disc, so that the two are merely different 
aspects cf the same feature of the sun, it follows that the typical 
characteristic of this feature consists of a narrow line of flame 
extending along a considerable length of the sun’s surface. 
This line of flame has a width of about 7,000 miles, an average 
Iveight of 14,000 miles, but of a length enormous compared 
with these dimensions and often amounting to 400,000 miles 
or more. 


The StJPPOET of the Sun’s Chromosphere 

Another solar problem to which we at Kodaikanal have 
devoted much attention is the question of the supporting force 
of the ehromoaphere. The chromosphere extends to heights 
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far greater than can be supported by gas pressure. The height 
of the chromosphere can be measured in various ways. One 
method is to measure the distance of the top of the bright 
hydrogen line in an undisturbed part of the chromosphere 
above the continuous spectrum. This gives a result of the order 
of 10", or 7,260 kms. Another is to measure the diameter of 
spectroheliograph images of calcium or hydrogen light compared 
with the diameter of the image taken with the neighbouring 
continuous spectrum ; for hydrogen this gives a height of 6'3". 

The measures which are obtained at total eclipses give 
heights which are greater than these because the glare of bright 
sunlight without an eclipse prevents the upper limit of the 
chromosphere as revealed during an eclipse from being reached. 
The greatest heights for the chromosphere are therefore recorded 
at eclipses. These heights are measured from the lengths 
of the chromospheric arc with the objective prism, or by the 
length of the line on a falling plate. The height reached by 
any particular line varies at different eclipses, but the greatest 
heights have been recorded by Mitchell in the eclipse of 1905 ; 
the height reached by ionized calcium was 14,000 kms. and by 
hydrogen 10,000 kms. 

It had long been a difficulty to explain how chromospheric 
gases could be supported to such great heights against gravi¬ 
tational forces. If the supporting force were gas pressure 
the density of hydrogen at a height of 10,000 kms. would be 
10~*® times that at the base, less than one atom per c.c., and 
above this height there would not be one atom of calcium per 
sq. cm. Indeed the thickness of a cliromosphere which could 
be supported by gas pressure would not exceed 100 kms. Con¬ 
sequently it is evident that gas pressure is totally inadequate 
to explain the great heights recorded in eclipses. 

The effectiveness of selective radiation pressure was first 
suggested by Saha. Milne has shown that the selective radiation 
pressure can be calculated in the cose of ionized calcium and 
was adequate to support a calcium chromosphere. Milne’s 
theory briefly is as follows. When an atom absorbs a quantum 
of radiation, the average upwards momentum communicated 
to it is Pv/c, and the atom will be driven upwards. By the 
absorption of other quanta, more atoms will be driven upwards 
and will partly screen the first atom from the full force of the 
photospheric radiation. This process will continue until the 
atoms at the top have been so much screened that the radiation 
pressure just counterbalances the force of gravity. There 
are three condirions which must be fulfilled for selective radiation 
pressure to be effective in supporting a chromosphere: (1) 
the line absorbed by the unexcit^ atom must be in the visible 
region where the ^ is radiating strongly, (2) the life of the 
atom in the excited state must not be too long or the atom will 
fall before it can absorb another quantum, and (3) atomic 
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collisions must be infrequent. Milne has shown that on account 
of the simplicity of the atomic states which have to be con¬ 
sidered, the case of ionized calcium lends itself to exact calcula¬ 
tion. Milne has calculated the density law for ionized calcium 
supported by radiation pressure and finds that the density is 
inversely proportional to the square of the height above some 
fixed level. The density at a height of 8,000 kms. would be one- 
third of that at the base, and at a height of 15,000 kms. would 
still be only of the density at the base. Milne therefore 
finds that the selective radiation pressure theory is adequate 
to explain the great heights reached by calcium in the chromo¬ 
sphere. 

The theory may also explain the formation of prominences 
by the increased thickness of the chromosphere due to increased 
local radiation from the photosphere below the prominence. 
Further, as first pointed out by Sur, the eruptive prominences 
which are occasionally observed may bo explained by the 
intensified radiation from below being sufficient to overcome 
the gravitational attraction so that the calcium atoms are driven 
away from the sun. Milne has shown that a small velocity 
of ascent would, by a Doppler shift of the absorption towards 
the violet, increase the background of radiation to which the 
atoms in the chromosphere are exposed, resulting in an ever- 
increasing upward velocity of the calcium atoms until they were 
exposed to the full force of the photospheric radiation outside 
the calcium lines. 

Milne’s theory is very attractive, and is in fact the only 
theory which can in any way adequately explain the observed 
phenomena even to a limited extent. Nevertheless Milne’s 
theory fails comidetely in certain respects. The main difficulty 
is the question of the existence in the chromosphere of other 
elements than ionized calcium. The theory, as it has been so 
far developed, can offer no explanation for the normal presence 
of hydrogen and helium in the chromosphere and in prominences. 
Let us examine the case for radiation pressure on hydrogen, 
for example. The unexcited H atom absorbs light of wave¬ 
length 12i6A, a region in which the sun’s photospheric radiation 
is very feeble. The number of H atoms which can be supported 
is therefore small, and of this number only a minute fraction 
can be in a state to absorb the Balmer lines which are the only 
lines falling within the region where the sun is radiating strongly. 
Similar, but still stronger, reasons apply in the case of atoms 
of helium. The radiation pressure theory therefore fails com¬ 
pletely to explain the normal presence of H airf. He at great 
heights in the chromosphere. The failure is also complete in 
the case of prominences. The evidence is clear that hydrogen 
extends in prominences to the same heighjt as calcium. Not 
only at Kodaikanal, but at Mt. Wilson also, prominences have 
been regularly photographed in the light of both hydrogen and 
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calcium. All observers have come to the conclusion that 
prominences are, essentially, of identical appearance in both 
hydrogen and calcium. The same is probably true of helium, 
as can be seen from eclipse photographs. Even when we study 
eruptive prominences, where the calcium prominence is ascending 
above the sun’s surface with enormous velocities, the evidence, 
so far as it goes, shows that the height, size, shape and conse¬ 
quently motion, is identical for both hydrogen and calcium. 
So it would appear that the force lifting up the prominence 
must be identical on both hydrogen atoms (in the 2 quantum 
state) and on ionized calcium. It is almost inconceivable 
that the radiation pressure on two different elements, especially 
on two whose absorption lines are produced in very dissimilar 
ways, can be so nearly identical as to show no separation of the 
two elements in prominences. When we add that the same 
must apply to a third element, helium, also we begin to appre¬ 
ciate the real difficulties in the way of the radiation pressure 
theory. 

These considerations led me to search for the existence 
of another element in chromosphere whose presence, if demons¬ 
trated, would be a further obstacle in the way of the radiation 
pressure theory, albeit an obstacle of the same nature as that 
just considered. Modern atomic theories have enabled progress 
to be made in interpreting the intensities of s|>ectrura lines 
in terms of the number of atoms of the element concerned. 
The first steps in representing the proportion of the different 
atoms which are present in the sun have been made by Russell. 
The number of atoms of the metallic elements present in the 
sun can be stated with some precision, but the data for some 
of the non-metals are subject to considerable uncertainty. 
In spite of this, Russell has made an estimate of the composition 
of the sun. He finds that hydrogen is the most abundant 
element in the sun, helium and oxygen next, and the metals a 
long way behind. His figures are hydrogen 92 per cent by 
volume, helium 3 per cent, oxygen 3 per cent, all metals 1| per 
cent to which calcium (both ionized and neutral) contributes 
per cent. Far more abundant then than calcium are hydrogen, 
helium, and oxygen. The first two are present in the cluomo- 
sphere, so why not oxygen also ? Oxygen is represented in the 
sun by only five lines in the infra red, of which the most accessible 
is the triplet at 7771, 7772, and 7775A. Since photographic 
plates which are sensitive to infra red light are available in the 
market it should be possible to test for the presence of oxygen 
in the chromosphere without waiting for a total eclipse of the 
sun. The results obtained have been published in Kodaikanal 
Observatory Bulletin No. 107. It was found that oxygen is a 
normal constituent of the sun’s chromosphere, and that since 
the infra red triplet is produced by the excited atom of oxygen, 
the number of unexcited atoms present in the chromosphbro 
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must be large. Again, since the absorption by the unexcited 
O atoms lies far in the ultra-violet the force exerted by radiation 
pressure must be infinitesimal. 

There is also evidence that Milne’s original estimate of the 
weight of ionized calcium which can be supported by radiation 
pressure has been grossly over-estimated, since the width of 
the absorption line which is available for tmpporting by radiation 
pressure is much less than originally supposed. 

Notwithstanding the beauty and simplicity of Milne’s 
theory, it must be realized that there are grave obstacles still 
to be overcome. An attempt has been made to invoke the 
idea of lurbulence to explain how the support exerted on calcium 
is communicated to other elements. The idea seems to be 
based on a misconception of turbulence. It is impossible to 
conceive of turbulence in a region where atomic collisions are 
infrequent. The mean free paths in the chromosphere are so 
long that the interval between collisions must be reckoned in 
minutes, if not in hours. Since collisions rarely occur there 
can be no turbulence, in the ordinary sense, tending to mix 
atoms of different kinds. 

Klectrical forces have also been considered and rejected, 
])rincipally because these forces could only oj)erate on ionized 
atoms and not on neutral hydrogen or helium. . 

(bnsidering the fact that calcium only contributes a small 
proportion to the composition of the sun, and yet does actually 
reach to heights in the clu’omosphere greater than those which 
are far more abundant, it would seem that the role of selective 
radiation pressure on ionized calcium is not by any means a 
negligible one. Alone of the more abundant elements in the 
sun is ionized calcium subjected to any reasonable radiation 
pressure, and it is precisely this element which attains heights 
as great as, and even greater than, any other. Consequently 
it would seem that the unknown force which supports the chro¬ 
mosphere begins to operate at a height above that reached by 
the most abundant metals in the sun, but finds at this height 
a disproportionate quantity of ionized calcium which has been 
raised there by virtue of radiation pressure. In this unsatis- 
faciory state we leave the problem, hoping that a way will be 
found of adapting Milne’s theory, which is of singular simplicity 
and beauty, to account for the facta which at present it fails 
to explain. 


Microphotometey oe Fraunhofer Lines. 

New ideas of the method of formation of absorption lines 
have led to the necessity for much work on measuring the 
intensity of light within absorption lines. It is necessary to 
obtain not only the distribution of light within the absorption 
line, but also the total amount of light absorbed in the line. 
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At Kodaikanal we have recently turned our attention to the 
micro photometry of some of the stronger lines in the sun’s 
spectrum, principally the linifes of calcium and of hydrogen. 

Nearly all attempts to measure intensities in spectrum 
lines depend on first obtaining a photograph of the spectnim,^ 
and then interpreting the varying densities in the jfiate in 
term s of intensity. In this interpretation, the peculiar properties 
of photographic plates are involved. The densities in a negative 
are, for a considerable range, proportional to the logarithm 
of the intensities of the light falling on the plate. The factor 
of proportionality for any particidar plate is dependent on 
the developer used and the time of development. But it is 
known that even within the region of proportionality of density 
to the logarithm of intensity, the density also depends on other 
factors, such as the wavelength of the light and on whether 
the expasurc is intermittent or continuous. It is also known 
that the so-called reciprocity law fails, namely that equal values 
of the product of exposure time and intensity do not yield equal 
densities. 

These peculiar properties of photographic plates necessitate 
the adoption of certain precautions in obtaining photographs 
for photometry. In order to eliminate the effects of properties 
which are difficult to determine exactly, and which vary from 
plate to plate, there is only one property which can safely be 
trusted, namely that equal intensities from two sources emitting 
the same wavelength will give equal densities on the same 
photographic plate when the conditions of exposure and dev¬ 
elopment are identical. If the durations of exposure are not 
the same, some allowance which cannot be determined very 
exactly has to be made, and if the wavelengths are not the same, 
we have in some way to make allowance for the varying behaviour 
of the plate with wavelength. The only safe procedure for 
calibrating the intensities in a photograph is to give the same 
exposure on the same plate to a standard source emitting the 
same wavelength. Even then special precautions have to be 
taken in the development of the plate, for Eberhard has found 
ihat there is local exhaustion of the activity of a developer 
in those regions of the plate where the density is greatest. One 
Way of minimizing the Eberhard effect is to develop with a brush 
which sweeps out of the emulsion the byproducts of the developer 
retarding development of the well-exposed parts of the emulsion. 

So with evOTy spectrum plate which has to be photometered 
it is necessary to imprint on the same plate and with the same 
exposure, btW standardizing spectra in which the intensities 
have been varied in some known manner to cover the range of 
intensities which are to be measured. The most usual way 
of varying the intensity in the standardizing spectra is by the 
use of an absorption wedge across the spectrum, either a wedge 
winch produces a gradual weakening, or a step wedge which 
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weakens the intensity in the standardizing spectrum by known 
steps. The calibration of the wedge employed calls for some 
care. It is not very difiicult to measure the opacity of the 
different steps of a step wedge but it is necessary to take into 
account the fact thkt the opacity depends on the way in which 
the wedge is used. The opacity of a wedge placed in a beam 
of parallel light is different from the values obtained in non- 
parallel light by an amount which depends partly on the graini- 
ness of the absorbing medium of which the wedge is constructed. 
At Kodaikanal we have used step wedges made from photo¬ 
graphic plates as being very convenient in use, but it has been 
found, for example, that the opacities of the same wedge are 
vastly different when the wedge is used in front of the spectro¬ 
graph slit from those when the wedge is used immediately 
in front of the photographic plate. It is of 2 )riinary importance, 
therefore, that the opacities of the wedge should be d<!tormined 
in the i>o8ition in which the wedge is to be used. TJiis ha.s 
been done at Kodaikanal in two ways, the first by iuterposir^ 
perforated screens in the optical path and the second by com¬ 
paring the densities given by the stej) wedge with those produced 
by a standard wedge used in the manner for which it was 
standardized. The wedge steps must be determined over a 
range of wavelengths in which it is to be used, for most wedge 
opacities vary slightly with wavelength. 

The problem of sjiectro-photornetry is now reduced to one 
of racfisuring the densities in different parts of the sijectrum 
plate. Various types of photometers are available in the market 
for density measurements. The most common forms of photo¬ 
meter measure the amount of light passing thi'ough the plate 
from a steady lamp on to a thermocouple or a photoelectric 
cell. For spectrum measures it is necessary that the light 
should pass tnrough a very narrow slit parallel to the spectrum 
lines in order to obtain a sufficiently high resolving power. At 
Kodaikanal we have used the Cambridge Instrument Comi)any’8 
microphotometer which employs a photoelectric cell, the 
varying current passing through the cell being recorded on 
bromide paper by the shadow of an electrometer. This instru¬ 
ment has proved very reliable in practice, for it is found to have 
a steady zero and to give the same deflection under the same 
conditions when proper precautions are taken. 

Let us now consider briefly the formation of an absorption 
line by an absorbing atmosphere such as we have in the sun’s 
reversing layer. It has been pointed out by more than one 
investigator that the term ‘ absorption ’ line is really a misnomer. 
True absorption means the process whereby an atom, having 
reached an excited state by the absorption of a quantum of 
light of appropriate wavelength, returns to its former state 
by a supw-elastio collision with another atom without the 
emission of light, but with an increase in the kinetic energy 
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of the atoms. True absorption is the exact reverse of emission 
by thermal excitation. In thermal emission atomic collisions 
raise the atom to an excited stage at the expense of the kinetic 
energy of translation. What is commonly termed an ‘ absorp¬ 
tion ’ line is rather believed to be caused by the scattering of 
light from the photosphere by the atoms present in the atmos¬ 
phere. In scattering, a quantum of light of suitable wavelength 
is absorbed by an atom which returns to its former state by 
re-emitting a quantum of the same wavelength in all directions. 
An ‘ absorption ’ line is formed in the, light emerging through 
the scattering atmosphere because only a portion of the light 
scattered is re-emitted in an outward direction. 

We must now consider what are the causes which make 
absorption lines have appreciable width. We need consider, 
in the sun’s absorbing atmospheres, only three causes of broad¬ 
ening; First, the Doppler broadening due to the movements 
of the absorbing atoms; second, the Stark effect or broadening 
due to inter-atomic electrical fields which probably includes the 
broadening due to pressure; and third, abundance broadening. 
This latter is of special importance. A formula for the abundance 
scattering coefficient was given by Voigt and was first applied 
by Unsold to determine the numbers of atoms in the sun’s 
reversing layer. This abundance scattering coefficient is given by 


M V 

3mV * (A-Ao)** 




where a=the scattering per cm. length, 

Aflsswavelength at the centre of the absorption line, 
JV=number of absorbing atoms per c.c., 

/= oscillator strength for this particular line, 

and the remaining terms have their usual significance. 

Now it has not yet been found possible to give an exact 
expression for the contour of an ‘ absorption ’ line produced by 
scattering in an atmosphere of finite thickness. The best which 
can be done at present is to use approximations made under 
simplifying assumptions. Schuster showed that if we assume a 
definite photospheric sinface luiderneath a homogenous scat¬ 
tering atmosphere, the contour of the resulting ‘ absorption ’ 
line will be given by 


where r—ratio of intensity in the line to the intensity of the 
photospheric radiation, 
ffsss scattering coefficient of the atmosphere, 
and iTsssthe height of the atmosphere. 

The number of scattering atoms in an atmosphere can be 
most conveniently deduced by measuring the total amount 
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of energy ‘ absorbed ’ from the photospherie background. This 
is called the equivalent width of the line, and is expressed as 
the wavelength range of the continuous spectrum which is 
absorbed in the whole width of the line ; i.e. an equivalent 
width of lA means that the absorption line prevents the energy 
included in lA of the continuous spectrum from passing through 
the atmosphere. The equivalent width of a line is therefore 

measured by I (l--r)dA , where A Aq. In the case of 
, —00 

abundance scattering and using Schuster’s approximation, 
Unsold showed that the equivalent width (IT) of a line is 
proportional to the square root of the number of scattering 
atoms above unit area of the photosphere, namely 



When however the width of a line is controlled by collision 
scattering, the scattering coefficient follows an entirely different 
iftw and the corresponding equivalent width is then given by 

lf=^— 

mc2 ® 

In the case of an actual solar atmosphere where both kinds 
of scattering are operating simultaneously, the first formula 
will give an-upper limit-to the number of scattering atoms, 
and the second a lower limit. 

Let us pause a moment to consider the conditions for the 
centre of tue absorption line. Here the collision damping has 
least effect and only the radiation damping is effective. We 
can consequently use the scattering coefficient given above. 
It is seen that, according to the formula, the scattering coefficient 
for the centre of the line (A—Ao)=Cr becomes infinite and the 
absorption of the photospherie radiation should be complete, 
i.e. rssO. Now it is well known that the central intensity 
of even the most intense of the Fraunhofer lines is not zero, 
in fact spectroheliograms are obtained daily with the light in 
the centre of Fraunhofer lines, and in them we see the familiar 
features due to varying intensities in. the centre of the line at 
different parts of the sun’s surface. Some attempts have been 
made by Woolley and Stromgren to explain the appreciable 
central intensities which are found in the Fraunhofer lines 
but their postulates iave not yet been sufficiently tested. 

The estimates of the numbers of adorns in the sun’s revers¬ 
ing layer have been first anade by Unsold, and his results ^ 
well known. At Kodaikajgl we have been engaged in measuring 

6 . ; 
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the changes in the contours of absorption lines as we pass from 
the centre of the sun’s disc to the limb. At the sun’s limb we 
are looking through the sun’s atmosphere at an angle inclined 
to the sun’s radius. As we pass from the centre of the disc to the 
limb, the numljer of atoms in the path of the photospheric 
radiation would be expected steadily to increase, and consequent¬ 
ly the widths of all lines should steadily increase. This is how¬ 
ever not what is actually observed and the discrepancy cannot 
be ascribed to the deficiencies of the Unsold theories of scattering. 
Let us look, for instance, at those absorption lines in the sun’s 
spectrum which are produced by the earth’s atmosphere. 
Examples of these are the A and B bands in the sun’s spectmm. 
When the sun is low in the sky these lines are considerably 
broadened compared to when the sun is high. In fact, they 
form a very valuable confirmation of Unsold’s law for abundance 
scattering. Since the temperatures in the earth’s atmosphere 
are comparatively low, the Uopjiler effects are small and the 
conditions may therefore be taken to be those of pure abundance 
scattering, for which Unsold’s law should strictly hold. From 
photographs taken at Kodaikanal we have confirmed results 
obtained elsewhere that the equivalent width of the B band 
in the solar spectrum increases proportionately to the square 
root of the length of path of the sun’s rays through the earth’s 
atmosphere, i.c., proportional to exactly as required by 
Unsold’s law. 

When however we turn to the sun, we find that the width 
of the absorption lines actually diminishes as we approach the 
limb of the sun, which is entirely opposed to what one might 
have expected. It is the consideration of the cause of this 
which has led us to new conclusions regarding the number of 
atoms in the sun’s reversing layer, and particularly to the lower 
portions of that layer. Whatever may be the theory of forma¬ 
tion of absorption lines which we prefer to adopt, the evidence 
of the smi’s spectrum leads to the conclusion that the number 
of atoms down to the depths to which we can see is greatest 
for the centre of the disc. Notwithstanding the fact that at the 
limb the line of sight is more inclined to the sun’s radius, the 
depth down to wliich we can see at the limb contains fewer 
atoms than when we look at the centre of the disc. The cause 
for this reduction in the number of absorbing atoms is ulti¬ 
mately the same as the cause of the darkening of the sun’s 
limb in white light. The limb of the sun is less bright than 
the centre of the disc, and it is commonly accepted that the 
cause of the darkening at the limb is the fact that there we 
reach complete opacity at a higher level than when we look 
at the centre of the sun, on account of the greater inclination 
of the line of sight at the limb. The greater length of the in¬ 
clined line of sight at the limb prevents us from seeing so deeply 
into the sun. Consequently at the limb we see the continuous 



( 15 ) 


Presidential Address. 


83 


8I)ectrtiin radiation from a layer "Which is not so deep as, and 
therefore cooler than, the layer to "wliich "We see at the centre 
of the sun’s disc. So that when we are measuring an absorption 
line at the sun’s limb. Wo are measuring the number of atoms 
above a higher layer than when we measure at the centre of 
the disc, albeit along a more inclined path. We have tht^refore 
two opposing tendencies at the limb of the sun ; the longer 
path duo to the more inclined line of sight tends to increase the 
width of the .spectrum lines, and the shortei' d<ii>th to wliich we 
can see down into the sun’s atmosphere decreases the width. 
The evidence shows that the latter lendency predominates. 
We can allow for the increase in the i)ath through thi^ atmos- 
])here from geometrical considerations, but we still have to 
estimate the depth into the suJi’s atmos])hcre to which We can 
see at different ])arts of the sun’s disc. The simj)lest way to 
estimate tins seems to be from the temi)cratin'e gradient in tlu* 
sun. Eddington has givcm formulas for the temiierature gra¬ 
dients whitih should ajsjdy to that part of the atmosjjhore which 
we are now considering. Esscuitially it comes to the same 
thing as the temperature grarlient which will exi)lain the dark¬ 
ening of the sun’s limb in white light. From these \nilues W(s 
have deduced, by means of the measurements masle at Kodai- 
kanal, estimates of tlie densities of calcium and of hydrogen 
in the lower parts of the sun’s reversing layer. These re.sults 
are :— 

neutral calcium .. .. 7-8x10^® atoms per c.c. 

ionized calcium .. .. 2*1 X 10^® atoms per (!.c. 

hydrogen (2 quantum) .. 3-4x 10’® atoms per c.c. 

From these values we can deduce their j)artial pressures and 
that of electrons. The data apply to the lowest parts of the 
reversing layer. 

In this Way we have applied the principle that the equi¬ 
valent widths of absorption lines are a measure of the number of 
atoms in the solar atmosphere, and have deduced the physical 
conditions obtaining in the lowest parts of the reversing layer. 
The interpretation of photometric measures still requires the 
solution of several problems relating to atomic theory, namely 
the problem of the appreciable intensity at the centre of absorp¬ 
tion lines, the problem of radiation passing through an atmos¬ 
phere of finite thickness, the problem of the discrepancy between 
observed contours of absorption lines and theory, and also 
the problem of the great intensity of the Balmer lines. 
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1. The milky way in the constellations lyra and cygnus. 

T. P. Bhaskara Shastei, Hyderabad. 

A considerable part of the milky way in lyra emd cygnus lies in the 
‘ Curt du ceil ’ zones +36° to +39° which have been recently photographed 
at the Nizamiah observatory, Hyderabad. One of the most interesting 
portions of the galaxy occurs in cygnus where it is bright and broad and 
divides into two great streams containing much nebulous matter, luminous 
as well as dark. Photographic magnitudes have been derived for the 
faint stars down to the thirteenth magnitude from the measured diameters 
of the star images in the Hyderabad series of photographs, and counts 
of stars of different brightness have been made in these regions and 
arranged according to their photographic magiiitudes. For stars up to 
magnitude 11’5 in this area the spectral types are given in the catalogue 
of Henry Draper Extension. The available data have been analyzed in 
detail and discussed in connection with the study of the structure of the 
extensive star clouds that aro found in these parts of the milky way. 


2. Equilibrium of the solar chromosphere. 

C. P. S. Menon, Kodaikanal. 

Theories of the equilibrium of the solar chromosphere aro not entirely 
satisfactory. Milne’s theory of monochromatic radiative equilibrium 

successfully explained the formation of the Ca'*' chromosphere, but failed 
m the case of atoms like hydrogen. The latest theory, iluo to Chandra¬ 
sekhar, sought to provide a hydrodynamical solution of the problem by 
assuming a radiating surface (located at the base of the chromosphere) 
which varies periodically about a mean flux just enough to support the 
atoms above. This cannot explain the hydrogen chromosphere or pro¬ 
minences. H'i solution of the differential equations is incorrect: under 
the conditions of periodicity assumed, it is only one of a family of solu¬ 
tions, determined by the initial conditions. Because of this, and because 
of his conditions strictly confining the atoms to the limits of the chromo¬ 
sphere, the trajectories and the boundary of the chromosphere rise up 
into crests above the points of minimum repulsion of the radiating surface, 
and dip into troughs above points of maximum repulsion, It is impossible 
to explain the equilibrium of such a self-contained chromosphere by 
means of radiation-pressure ; the diminution of intensity vertically outward 
from the base of the reversing layer, and an exchange of atoms between 
the two layers will have to provide the solution. 

3. The number of calcium atoms in the sun’s reversing layer, 

T. Eoyds and A. L. Narayan, Kodaikanal. 

Microphotometric measures have been made of the contours of the 
lines of neutral and ionised calcium in the sun’s spectrum et different 
parts of the sun’s disc. From the equivalent widtl^ of these lines, the 
number of atoms above 1 sq. cm., of the sun’s surface has been worked 
out. By making use of the known law of darkening across the sun’s 
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disc, it has been found possible to deduce the number of atoms per c.c. in 
the sun’s reversing layer. Preliminary average values are as follows :— 

Neutral calcium 7*8 x lO^o atoms per c.c. 

Ionized calcium 2*1 x 10*3 atoms per c.c. 

Saha's ionization formula eiiablos the electron pressure in the reversing 
layer to bo calculated. 


4. The nimiber of hydrogen atoms in the sun’s reversing 
laver. 

X, 

T. Royds, Kodaikanal, 

Microphntoraetry of the Ralmcr series in the sun’s spectrum has given 
the crjuivalent widths for dilforont points on the sun’s disc, from which 
the number of hydrogen atoms in the 2-quantum state can be calculated. 
As is well known, the results for the different lines are not consistent, 
probal)ly on account of the effects of collision-damping on the higher mem¬ 
bers of the series. Using the known law of darkening across the sun’s 
disc, the number of atoms per c.c. has been found from the Hgj lino to be 
3-4 X ltd**. This is the number of atoms in the 2-quantum state. It is 
known that the ratio of atoms in the l-quaiitum state is loss than the 
ratio corresponding to thermodynamic equilibrium. 


5. Hyperfuie structure of Bpoctrum lituvs of manganese in the 
ultra-violet region. 

Waij Mohammad, Lucknow. 

Tiu' hyperline structure of manganese lines in the visi])le region has 
b('en cf)mmunicated in a previous paper. An arc is proiUitH'd in vacuum 
by means of a t'oated cathode and a manganese anode. Tlie lines so 
emiti 0(1 are observed by means of a Hilgor 3 metre spectrograph combined 
witli two largo size Lummer Quartz Plates. The hyperfirio strueturo of 
Sf) lines has been examined. Out of these, only 10 show definite strueture, 
the remainder appears to bo simple. 


6. Structure of ionised bromine (Br. 111). 

K. R. Rao, Waltair. 

By a study of the discharge through bromine and of vacuum sparks 
between electrodes tipped with different bromides, the spectrum of 
bromine in the vai’ious states of ionization of the atom has been 
investigated. The investigation has revealed that the characteristic 
energy states of Br. Ill have lines different from those suggested by Deb, 
Tlie new scheme proposed by the author is in consonance with the 
corresponding spectra of As 1 and Se II analyzed previously (K. R. Rao, 
Proc. Roy. Noe., 1930 and 1934). 


7. Extension of Se II spectrum. 

K. R. Rao, Waltair. 

In a previous commiuiication (cf. Proc, Roy. Soc., 1934 and Proc. 
Ind, Sc, Cony., 1934) the analysis of Se 11 was presented, consisting 
mainly of the deepest terms 4p *S, ^D, ^P, and 5s *P, ^P, and others of 
the 5p electron state. The present extension deals with the terms of 
sp* inner electron transitions and doublets depending on the W state of 
the parent ion. 
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8. On some characteristics of the long and short spectral lines 

of silver, zinc and iron. 

S, JDatta aid K. N. Ohatterjee, Calcutta. 

If an image of the arc in tho ti‘ansvorso position is thrown on the slit 
of a spectrograph, so that iho spectrum ohtairuwi is that of a section of 
tho arc normal to its length, then some linos are seen to stretch right across 
the core from side to side, while otliers s<»em .o originate from the core 
alone and thus appear to have a length much shorter than the former. 
Lockyer ilesignated them as lonr/ and short lines. Tn a jtrovious paper 
{Tnd. Jour. Ph;/., Vol, IX, part iv, IflSf)), it has been shown that if for 
each spectral lino the rtdative <jri('ntation of tho resultant I and s vectors 
ho calculalod for the initial and fltin,l states, by the usual formula, then in 
general, those lines are shoit for whicli the change in tho orientation is 
largo or there is change in the Tnn]ti[)licily, whereas those for wliieh the 
('pientation change is small come to the catc'gory of long lines. 

The work has !iow l)nen extended to .silver, zinc* and iron and tho same 
generalizations arrived at. Jn tlu' iron are theiv is hardly anything like 
a flame of tho arc so that, in the op(*n are all the line.s havnt nearly the 
same length and the classifieatio]! of tho long and short lines becomes 
rather rlifiienlt. With the are at reduced pre.ssnr(\s, however, this diflficulty 
is obviated, as it is found that short lines further shorten in length, whereas 
tlip long linos persist as long linos even with reduction in pressure. 

9. Scattering of light by undtTcooled liquids. 

J. C. K AMES VAR Kav and V. Dakshina Murti, Hyderabad. 

I’ho scattering of light, by two luidercooled liquids, ])henol and 
bezophenono, was studied I'or tempei'atures higher and lower tliau the 
mell.ing poiTd.s. It, was found that the intensity of light seattered trams, 
versely deemases with tomperatiiiv t ill the mi'lting point, below wliieh it 
inei-eascs again. The depolarization fa<‘tor, however, regularly decreases 
with inereasing tomperature. These results are in agreement, wit h t ho theory 
of Einstein and Smoluchowski, as modified by Cahamies and Raman. 
These results show that thoro is a olusteriug of molooules below tho melting 
point. Tliis view is further confirmed by the study of tho depolarization 
of the scattered light, when the incident light is plane polarized with the 
electric voctc ■ horizontal and vertical. 

10. Atomic positions in aoencaphthene, 

K. Banerjee and K. L. Sinha, Dacca. 

The space-group of aconaphthono has been found to bo D^i^pyfin the 
axial lengths being a=8*32A, &=-.s]4-16A, 7-26A with four molecules 

per unit cell. Intensities of reflections from more than 250 planes have 
been estimated and it has been found that the two-fold axis of the 
aoonaphthene molecule lies along the b axis, and the plane of tho molecule 
makes an angle of 23'’ with the c face. The aliphatic carbon atoms are 
mutually at a distance of l-S.'lA, while the aliphatic to aromatic carbon 
distance is 1’48A, and these bonds are inclined to the two-fold axis, 
and make an angle with the aliphatic bond which is not much different 
from the tetrahedral angle. 

11. Stracture of benzil. 

K. B.4,xerjee and K. L, Sinha, Dacca. 

Benzil belongs to the rhombohedral trapezohedral class. From 
rotation photographs ,bout different axes it has been found that the 
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basic lattice is hexagonal with axial lengths a=8*38A and c=13'7lA, 
and three molecules per unit cell; and from oscillation photographs the 

space-group is found to be Dgc 31 and Dgc 31, for the two enantiomorphic 
forms. The intensities of reflections from the same planes were measured 
from powder photograph, and atomic positions were determined by the 
trial and error method. The two benzene rings are found to lie on 
parallel planes and the two aliphatic carbons to lie on a plane normal 
to the benzene rings. 


12. The structure of calosterol. 

K. Banerjbe and A. C. Chanda, Dacca. 

The new type of sterol extracted by K. P. Basu and M. C. Nath and 
named by them as calosterol was subjected to gonioraetric and X-ray 
measurements. The symmetry was found to be higher than all the other 
sterols, the crystal belonging to the orthorhombic class with (*=11 >27A, 
6=7-90A and c=3S'3A. The density was found by the suspension method 
to be l-lll, so taking 4 as the number of molecules per unit cell the 
molecular weight is 629 and the molecular formula is C 3 SH 57 O. petailed 
crystal structure analysis is in progress. 


13. The spectra of SeO and SeOg. 

R. K, Asitndi, M. Jan Khan, and R. Samuel, Aligarh. 

The omission spectrum of SeO and the absorption spectrum of 
SeOg are analyzed. The energy of excitation and the energy of the Se=0 
bond are almost identical in SeO and SeOg, and the vibrational fre¬ 
quencies of SeO have almost the same value as the frequencies of the 
symmetric valence vibration of SeOg, both in the normal and in the 
excited state. The same is true about the corresponding anharmonic 
constants of the two excited moleciiles; that of excited SeO could not 
be measured. 

These results indicate 8 tro?.g localization of the two So=0 bonds in 
SeOg. 

The analysis of the band system of SeOg is in complete agreement 
with Herzberg and Teller’s theoretical selection rale for Awantisj-m. 
of polyatomic molecules. 


14. The band spectrum of germanium oxide. 

P. C. Mahanti and A. K. Sen Gupta, Calcutta. 

A number of bands degraded to the red have been observed in the 
region A2400-A3100 in an arc between carbon electrodes, the lower 
one containing metallic germanium. These bands also appear in the 
spectrum of an uncondeniged discharge through germanium chloride 
vapour, and become intense if oxygen at an optimum pressure is introduced 
into the discharge tube. 

From the vibrational analysis the following constants have been 
evaluated; 

ve=37766 cm-l 
(uV=648 
<u''e^985 . 

The presence of isotopic heads and the agreement between their 
calculated and observed positions definitely proves that their emitter is 
the germanium oxide nwlecule. 

The fine stnioture analysis of tllese bands is in progress. 
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15. The band spectrum of gallium oxide. 

P. C. Mahanti and M. K. Sen, Calcutta. 

The spectrum of gallium oxide has been photographed by means of 
Fuess prism spectrographs of large light gathering power. A band 
system lying in the region A3800-A4300, and consisting of well-developed 
sequences de^aded to the red, has been measured. The bands are very 
much alike in appearance to the violet CN bantls. Their vibration 
frequencies in the lower ajid upper states of the band system are not very 
different from one another. 

From high dispersion spectrograms it appears that the band system 
is probably due to a transition and is thus analogous to the 

known band system of aluminium oxide and to the /?-ban(£ of boron- 
monoxide. 


16. Rotational analysis of the band spectrum of aluminium 
oxide. 

‘ P. N. Ghosh and M. K. 8en, Calcutta. 

if. 

Aluminium oxide omits a bright hand spectrum in the region A4000- 
A6000 and consists of a largo numboi’ of red-degrading bands included in 
a single system. Their vibrational analysis was initiated by Mecke in 
192.'>. Later on Pomeroy conducted a fine structure analysis of only the 
(0, 0), (0, 1) and (1, 0) bantls and attributed the system to a 
transition. His dispersion was not, however, sufficient to determine the 
a-type doubling in the bands. 

In the present investigation, using a Fuess glass spectrograph of large 
light-gathering power, it has been possible to add a number of now bands 
to the system. This has enabled us to determine the vibrational constants 
of the molecule more correctly. In addition to the bands analysed by 
Pomeroy, a few more bands which aro relatively intense have been photo¬ 
graphed in the first and second orders of the 21-ft. grating. The fine 
structure analysis of these batids from the now measurements confirms 
in the main the rotational constants given by the above author for the 
aluminium oxide molecule. It has also been possible to measure quantita¬ 
tively the v-type doubling of the rotational lines of the bands. 


17. Rotational structure analysis of the band spectrum of tin 
oxide. 

P. N. Ghosh and A. K. Sen Gxjpta, Calcutta. 

The spectrum of tin oxide consists of well-marked bands degraded to 
the red, and extends from blue to near ultra-violet. Their vibrational 
analysis was first carried out by Mahanti "and later on confirmed by 
Connelly and by Loomis and Watson. The latter authors have added a 
new band system which appears only at reduced presamre. 

In the present investigation a fine structure analysis of the strongest 
bands of Mahanti’s A-system has been carried put. For this purpose, 
photographs have been taken in first and second orders of a 21-ft. concave 
grating set up on Paachen moimting. Each band consists of two fairly 
strong series of bands evidently due to P and R branches nf the nMin 
molecule 0. None of these series shows signs of A-type doubling, 
nor there is any sign of a short Q-branch, although a systematic search 
for the same was made. This means, therefore, that the A-system 
originates from a transition. ‘ 
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18. Magnetic birefringence of organic substances in solutions, 
part II. 

L. D. Mahajan, Patiala. 

The magnetic birofringenee of a number of simple benzene, napli- 
thaloiio, and anthracene doriva1-ives is measured, with the same apparatus 
as used by Dr. S. W. Chinchalkar (Ind. Jour. Phyx., Vol. 7, p. 491, 1933), 
and some important conclusions regarding tho structure of the molecules 
and its influence on tho magnetic and optical anisotropies are drawn by tho 
author. 

For most of tho benzene derivatives, tho gram-molecular birofringenee 
is nearly of the same magnitude as for benzene, suggesting that the bulk 
of both tho magnetic and optical anistropies of the molecule is duo to tho 
benzene ring in it. An exception should bo made in tho caso of bonzo- 
(luinono for which tho gram molecule birofringonco is nearly 4 times 
that of tho benzene. Diraosityl and diplienyloxide have been studied, 
and it is found lliat tho two benztme rings in them arc nearly coplannr. 
All tho compounds with oondonsod benzene rings liave very high biro¬ 
fringonco. 


19. Mcasuroinont- of earth-air el(n!tric current. 


D. V. Kamat and S. K. Banbeti, Poona. 


During 1933-35, an apparatus, similar to that adopted at Kew, was 
sot up at Poona for taking continuous records of earth-air elect,ric current. 
This consisted of a tost, plate (90 cm x60 cm.), oxpo.sod flush with tho 
greutid over a pit, and insulated by sulphur insulators. To ensure xinifor- 
mity and to avoid rapid fluctuations of tho electric field, an insulated not 
witli half an inch mosh was spread over the tost plate, aboiit .50 cm. above 
it, and joined to an insulated ion celloctor ])lacod at tlio same level. 
The test plate was joined to one pair of (jundrants cjf a Dolezalek electro¬ 
meter. The charge aequiroil by tho tost plate consists of two parts : 

- 6>F' 

(1) due to earth-air current, anti, (2) due to earth’s field 


/ 1 (yPN 


The effect of the charge due to the earth’s field on tho needle was com¬ 
pensated by joining the ion collector to the opposite pair of quadrants 
of the electrometer through an adjust able condenser and suitably adjusting 
tho condenser gap. The needle was given a fixed and fairly high potential. 
Under this condition the charge acquired by the tost plate due to earth- 
air current is proportional to tho dofieotion of the needle. This was 
recorded photographically every ton minutos by means of a recording 
cylinder and an automatic earthing device which earthed tho tost plate 
for two minutes at the end of every eight minufes. On the same photo¬ 
graphic paper tho variation of potential gradient was also recorded by 
means of a second quadrant electrometer. 

Continuous records of earth-air current obtained in this way have 
been analysed for diurnal aial other variations. Abnormal variations 
have been correlated with special meteorological conditions such as thunder¬ 
storms, dust in tho air, fog, drizzle, heavy showor, etc. The mean value 
of positive earth-air current is 0*65 X 10 -l® ampere per sq. cm. For com¬ 
parative purposes, an alternative method involving the use of a ther¬ 
mionic valve was adopted later for the measurement of earth-air current. 


20. Electrical charge produced on liquid drops or solid particles 
by various mechanical methods. 

R, D. Godbolb and S. K. Batsteeji, Poona. 

Lenard, Thomson, Basse, and others have studied in considerable 
detail the formation of ions by spraying liquid, by bubbling, breaking 



( 7 ) 


Abstracts. 


91 


drops into smaller drops, impinging them upon a solid wall, or breaking 
a continuous jet. While in individual cases the phenomena can be 
explained on the assumption of an electrical double layer, it is not easy 
to explain by this method the widely varying charges obtained by 
subjecting different substamios into mechanical processes of these types. 
I'or instance, when water is sprayed, the charge in the water drops is fotmd 
to be 2 or 3 times that in the air, while if turpentine is sprayed most of the 
charge is found in the turpentine drops and very little in the air. On tho 
other hand, if amyl alcohol is sprayed, inosS of the charge goes to the 
air and very little is found in the* amyl aleohol drops. A jeti of earboir 
dioxide striking a jdnto produces many times more charge than a similar 
jot of water striking the same plate. Accordingly experiments were 
arranged with very large imnibor of substances to find out tho charge in 
the substances and the surrounding gas when these are subjected to 
mechanical processes like the abo \'0 and various others, such as, two jots 
striking, slipping on an inclined plane, etc. These show tliat tho charge 
depeniis on tiie substances in action, the state of tfie substuncoa, 
th(' intensity of the mechanical processes, the condi.i'tivities, and the 
dielectric properties of tho substanci's, and lead to certain generalization 
of tho laws of cataphoresis. 


21. Absorption of solar ra.(liation by ozone in the earth’s 
atino-sphero, and its ellVct on iijiper air toniperatiires. 

K. H. ]?AMANATH.\]s, Poona. 

Assuming that the sun radiates as a black body at ()()00°K. and that 
tlic vortical distribution in I he earth’s atmosphere of ozone is ns obtained 
ly Di'. t'. W. P. IJotz, Mcotham and Dobson in Europe, tho amounts of 
solar energy absorbed at diffi-rent heights up to .'>0 kms. in tho earth’s 
atmosphere am calculati'd from tho nbsorpthot ics of ozone in the ultra- 
V iolet. lor different zenith dislauei's of (ho snn. Tl is found that the curve 
showing the amount of energy absorbt'd by unit mass of tho atmosjihoro 
against height sliows groat similarity with the hoight-temperutiirc curv'es 
obtained by Duekert and Whipple by sound-ranging experiments in 
Europe. It is shown that tho out-ra<liation of energy by ozone itself 
through its infra-red bands can contribute but’ htllo to the loss of energy 
in these re ’ions, and that the main loss must occur by the intermixed 
water-vapour as assumed by (Iowan. 

The rofloction of sound from tho upper atmosphere observed by 
Gorman workers during the winter of tho last polar year, when tho upper 
atmosphere could not have been illuminated by sun’s rays from over 
three weeks, remains unexplained. 


22. The role of the soil in eonirolling the diurnal variation of 
moisture in the air layers near the ground. 

L. A. Ramdas, Poona. 

Investigations carried out at the Central Agricultural Meteorological 
Observatory at Poona during the last throe clear seasons show that the 
upper layers of the soil play an important part in controlling the distribu¬ 
tion of moisture with height in the air layers near the ground. It is 
observed that the diurnal variation of the absolute humidity is largest 
near the ground and decreases rapidly with height. It is also seen that 
in spite of this disturbing influence of the ground the vapour pressure is 
the least variable property of the air layers near the ground so long as 
the sample of air remains the same. 



92 


Section I, Mathematics and Physics. 


( 8 ) 


23. Variation of rainfall with lunar periods in Calcutta for the 
month of July. 

P. C. Mahalahobis, Calcutta. 

Records of rainfall during the period 187S-ld24 over one complete 
lunar period in the month of July have been analyzed for determining 
variation, if any, of rainfall with these lunar phases (i.e. tithis). The 
analysis shows that the difference was not appreciable either in the new 
moon period or in the full moon period. There is however a significantly 
higher rainfall in the new moon fortnight—^the difference being 0'1169 
inch per day over the full moon period. The data also show that the 
average rainfall during July was practically steady over the whole period 
of 47 years of the present investigation. 


24. A seismometric study of the Baluchistan earthquake of 

May 31,1935. 

S. C. Roy, Bombay. 

This paper gives an aocoimt of a preliminary analysis of the seismo¬ 
grams of the Baluchistan Earthquake received on loan from about a 
hundred seismological stations. The results of the analysis are set out 
in a series of time-distance curves of the identifiable phases, and special 
features of the curves are discussed. 

25. Direct determination of the electrical constants of soil at 

radio-frequency. 

B, Sen Gupta and S. R. Khastgie, Dacca. 

The electrical conductivity c and the dielectric constant c of three 
different specimens of Dacca soil were directly determined by a resonance 
method for various values of moisture content from 0 to 40% and for 
varying frequencies from -135x10® to 2*72x10® cycles/sec. The values 
of a and t for the specimen of soil taken from a depth of 15 feet were 
decidedly lower than those for the surface soil. Both a and e were found 
to increase with the moisture content, each tending towards a constant 
value for large values of the moisture content. The variation of cr and 
£ with frequency was also considerable. 

Smith-Rose’s direct determinations of a and e with specimens of 
English soil gave distinctly larger values, whereas Ratcliffe and White’s 
values were of the same oi^er as those obtained by us. 

It should be mentioned that the values of the electrical constants of 
the soil obtained by direct experiments agreed in their order of magnitude 
with the values deduced from the attenuation measxu-ements. 

26. Analysis of signal-fading observations. 

B. Sin Gupta and S. R. Khastgie, Dacca. 

An analysis of 58 sets of continuous observations of * fading ’ of the 
Calcutta V.U.C. signal (A=s370-4m.) received at Dacca is given in the 
paper. The principal causes of signal variations are the random changes 
m phase and amplitude of the downcoming wave returned from the 
ionosphere. The analysis shows that the fading of the signal can be 
regarded, partly at any rate, as an effect of interference between the ground 
wave and the downcoming wave with constant amplitudes and random 
phase-difference. Evidence of such * phase '-fadii^ has been statistically 
shown. Xo similar evidence for ‘ intensity ’-fadi^ has been obtained, 
although such intenirity-changes may be re^nsible in a large measure 
f<ff the fading of the si^ale. 
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It has been possible also to estimate from this analysis the value of 
the ratio of the vertical electrical forces produced by the downooming 
wave and the groimd wave. Between Calcutta and Dacca, the ratio has 
been shown to have a value lying between 2 and 3. 

27. Ionospheric height measurements in Eastern Bengal by 

the method of signal-fading. 

S. R. Khastgie, B. Sen Gupta, and Debnaeain 
Cba-UDHUEy, Dacca. 

1. Experiments are described where simultaneous observations were 
taken at short intervals of the intensities of fading of the Calcutta signal 
(V.U.C. A=370‘4m.) received at Dacca on a loop and on a vertical wire 
aerial. Two similar receiving sets of high amplification provided with 
two similar mirror galvanometers in their respective detector circuits 
with a Wheatstone Bridge arrangement for balancing thi' no-signal current 
were employed. The distance between Dacca and Calcutta is 240 km. 

2. The theory of a modified form of Appleton and Barnett’s method 
of measuring the angle of incidence of tho atmospheric waves, coming 
down after reflection from the upper atmosphere, has been described. 
The method has been applied to the determination of the effective height 
of the E-layer. The method claims simplicity in experimental technique. 

3. Evidence has been obtained of multiple reflections at the E-layer. 
The receptions of the Ei, Eg, Eg, and E 4 rays have been recorded. On one 
occasion, there was an indication of the E's ray. The average height 
of the E-layer has been found to bo 106 km. 

4 . In some cases the height has been found to be distinctly greater, 
—the mean of such values being 137 km. This corresponds to 
the E-layer. The results indicate that the E-layer wanders between 
these limits. 

5. There have been strong indications of occasional penetration of 
the E-layer, by the 370m. waves and of simultaneous receptions of the 
Ej- and E^-rays on certain occasions, indicating that the electron-density 
of the E-layer has been on these occasions greater than 3 x 10® and less 
f.han 6 x 10® electrons/cm.® during the hours of observations (7-30 p.m. to 
10-30 P.M.). Tills occasional ‘ patchy ’ nature of the E-layer has been 
previously reported by Appleton in England and also by Martyn, Cherry, 
and Green m Australia. The average height of the E-Iayer has been 
found to be 216 km. 

6 . A discussion has been given of tho uncertain factors' in the experi¬ 
mental conditions. 

28. Inter-electrode resistance of a triode valve at high 

frequencies. 

P. Dutt and S. S. Baneejee, Benares. 

During recent years a large number of experiments have been carried 
out by various investigators to measure the dielectric constant of an 
ionized gas containing either ions and electrons both or of a purely elec¬ 
tronic atmosphere, in order to verify the Eccles-Larmor theory. But 
comparatively little has been done on the measurement of conductivity or 
resistance of such a medium, and specially its variation with frequencies. 
Notable contributions in this direction have been made by L. Hartshorn 
(ExperimerUal WireUiS and Wirekas Engineer, 8 , 413, 1931) and S. K. 
Mitra and B. C. SU {Phil. Mog., 13, 1081, 1932). 

In the present investigation, the inter-electrode resistance of triode 
valves for plate, grid space has been determined for frequencies ranging 
from 1000 cyolw per second to 1*4 X 10® cycles per sec. Miller’s me&od 
has been adopted for the audible frequencies and the distuning method 
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at higher frequencies. Variation of the resistance has also been studied 
for different anode and grid potentials. The resistance is found to increase 
considerably with frequency. The effect of space charge in increasing the 
resistance is recorded. A number of curves have been drawn showing 
the changes of resistance with frequencies, grid and anode potentials, and 
filament current. Explanations have been given for each case. 

29. The disintegration of boron and lithium by neutrons. 

H. J. Taylor, Bombay. 

When boron and lithium are bombarded by slow neutrons, disintegra¬ 
tion takes place according to the following schemes:— 

lOB+in^^He-f^Ho+SH 

6Li-Hln=tHo-t-3H 

These reactions have beeti studied by means of a technique which 
has recently been worked out, whereby the tracks of the insulting particles 
are rooi*rded directly in a photographic emulsion, and then examined 
under a high magnification. The energy released in each reaction has been 
worked out, and is .shown in each easn to be in accordance with th<i value 
which may bo deduced from the known masses of the nuclei involved. 
Photomicrographs of the tracks of the particles are given. 

30. The radioactivity of samarium. 

H. J. Taylor, Bombay. 

Tlie photographic technique has been applied to study the radio¬ 
activity of samarium. The existence of tho short-range a-particles, 
which had boon reported previously, has been confirmed. From the 
measurements of tho tracks an accurate value of the range of these 
a-particles has been deduced. 

Tracks have also boon found corresponding to partdclos of about 
;h5 cm. range. These particles are much less frequent than the short- 
range {1-1 cm.) u-particlos. The evidence is very strong that these longer 
tracks correspond to singly-charged particles, and not to n-particles. Wo 
have here therefore the first case of a radioactive body which spontaneously 
omits H-nuclei. 

31. Ring phenomena in po.sitive ray bombardment on glass. 

B. Dasannacharya, V. T. Chiplonkab, and L. G. Sapbe, 

Benares. 

Positive raj’s of hydrogen of discharge voltage about 20,000 fell on a 
glass plate kept perpendicular to the beam at a distance of 11 cm. behind 
Uie front face of the cathode. After an exposure of some hours a brown 
«lepo8it was seen on the glass plate. On examination in transmitted light 
the deposit showed three brown rings of diameters 8,16, and about 27 mm. 
in diameter. The first and second rings had a thickness of 0-5 mm. They 
are not interference fringes and hence their peculiar interest. 

32. Ring deposits in positive ray bombardment under steady 

voltage. 

B. Dasannacharya and G. Sivasankara Rao, Benares. 

The phenomenon was investigated by interposing plates of glass at 
a definite distance behind the cathode, namely 6 cm., and the positive 
rajrs of one well-defined voltage was used, namely 7 oms. of cathode 
fall. Sharp rings were obtain^ with times of exposure varying from 
1 to 20 hours. The progpressive ohtmges in the nature of the rings have 
been carefully studied and will be discussed. 



( 11 ) AbHracts. 95 

33. Ring phenomenon on glass and quartz. 

B. Dasannachakya and P. N. Aiyer, Benares. 

Plates of glass and quartz were interposed very close behind the 
cathode. Rings could bo obtained with exposures of only 15 minutes. 
With exposures of 1 hour the rings are exceedingly sharp and circular, 
and very striking colours due to deposits of zinc and copper, the materials 
of the cathode outside the ring system, present brilliant resonance colours. 
tVoll-dofinod deep colour is formed whore the direct beam falls. 


34. Bombardment of positive rays on metallic plates. 

B. Dasannachakya ajid K. P. Rao, Benares. 

Rings couhl be obtained on silver films on glass or whore thin foils 
of silver are interposed. Plates ami foils of brass and aluminium have 
also been studied, but the ring system is not very strikingly clear. 
Considerable di.sintograt ion of the metal takes place, and if the foil is thin 
it is punctiued at the place .striick by the direct rays. 

35. TnA^estigations of cathode fall. 

B. Dasannachakya, V. T. (Jhiplonkar, and L. (t. Sapre, 

Benares. 

It w found that deposit.^! due to hydroearhoiis and sputteixid metallic! 
deposits are very sensitive indicators of tho condilioti of cathode fall, and 
they (ian bo easily noted since tiny are fluorescent. The charucjteristic 
clningos observed when different voltages were put on were discussed. 


36. A new method of investigation of cathode fall with ionic 
streams. 

B. Dasannachakya and G. K. Da.s, Benares. 

The method consists in letting into tho cathode fall space a fine 
stream of gas. This stream gets ionized and the positively charged particles 
where they fall on the cathode excite fluorescence of a well-defined nature 
which is very ..ensitive to change in cathode fall. Photograplis taken of 
these wore projected and discussed. 


37. Doppler-effect for He, , and H^, and its deiiendonce on 

cathode fall. 

S. Dasannachakya and G. K. Das, Benares. 

The Doppler-effect has been studied with a very high resolving and 
light gathering three prism Steiuheil spectrograph with high as well as 
low dispersion, cathode falls varying from 6 mm. to 12 ems, being used, 
end Hy, and fig studied. It is .found that the maximum Dopplor- 
displacement varies linearly with cathode fall length. 

38. Positive ray beam in cathode fall. 

B. Dasannachakya and G. K. Das, Benares. 

The dimensions of a positive ray beam have been studied under 
varying conditions of discharge, by means of a photographic camera 
and correlated with cathode fall length. 
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39. Cathode fall length and voltage in positive ray discharge. 

B. Dasannachaeya and G. K. Das, Benares. 

The dependence of cathode fall length on voltage is investigated and 
is shown that the former is more sensitive to voltage than a spark gap. 

40. Doppler-effect of Hy under very great dispersion. 

B. DASANNACiiASYA, L. G. Sapee, and V. T. Chiplonkae, 

Benares. 

Steinheil spectrograph with a teleobjective attachment to the camera 
side with an effective focal length of objective of 250 cms. has been used 
and the conclusion reached that the variation of the Doppler-displacement 
is linear with cathode fall length, provided the times of exposures and 
voltage are well controlled, and the discharge is maintained in very pure 
gas. Double maxima are not observed even in a single case. 

41. Investigations on the continuous spectra of hydrogen in 

positive rays and the effect of mercury vapour. 

B. Dasannachaeya, V. T. Chiplonkae, and L. G. Sapee, 

Benares. 

Mercury vapour is shown to obliterate the discontinuities present 
between different types of continuous spectra in the ultraviolet. 

42. Heavy water from electrolysis of water from deep wells. 

B. Dasannaohaeya and V. T. Chiplonkae, Benares. 

Several samples of heavy water have been prepared by electrolysis and 
their analysis carried out by determination of their density and refractive 
index. Some of these samples were exhibited and their yield discussed. 

43. Investigations on Geiger point counters and cosmic radiation 

measurements. 

B. Dasannaohaeya and P. G. Naeayanan Nayae, Benares. 

Several types of point counters have been made and their per¬ 
formance studied with different t 5 T)e 8 of electrometers. Their relative 
performance in the investigation of cosmic rays were discussed. 

44. Investigations on Geiger line counters and measurement of 

cosmic radiation. 

B. Dasannaohaeya and S. Rajabaman, Benares. 

Line counters of different sizes were prepared and their performance 
investigated by applying the line electrodes to a set of thermionic amplifiers 
fitted with loud spe^ers. The fluctuations of cotmts against counts due 
to a standard source of radioactive material are studied. 

45. Investigations on Foucault’s pendulum of short lengths. 

B. Dasannaohaeya and D. R. Hejmadi, Benares. 

A pendulum has been constructed of length only 245 oms. and a 
bob of only 500 gms. in weight. It is shown that the Fouoaiflt angle of 
rotation can be determined to within less than 2% error. Oareful and 
(xmoluEHve investigations have been made of the irregularities which 
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usually make the pendulum unusable unless the length is enormous and 
mass of the bob at least 20 to 30 times greater, 

46. Investigation of second order effects with Foucault’s 

pendulum, 

B. Dasannaoharya and D. R. Hejmadi, Benares. 

The second order effect which is very small shows itself in the 
development of the orbit of the bob into a hypocycloid and is highly 
susceptible to errors. By a resonance method it is possible to observe 
this effect and the experimental value is in fairly good agreement with 
theory. 

47. A new type of mercury still. 

B. Dasannaohaeya, P. G. Narayanan Nayar, and V. 
Venkata Rao, Benares. 

Without having to use a separate auxiliary pump a simple arrangement 
has been devised to get this vacuum by introducing a cylindrical type of 
condenser kept vertical and glass tap next to the boiler. 

48. Study of the A.C. resistance change of nickel in longitudinal 

magnetic field. 

M. M. Sen Gxtfta, H. B. Mohanty, and S. Shaean, Cuttack. 

The magneto-resistance change of nickel has been measured by using 
an A.C. Bridge. It has been found that the phenomenon here is different 
from that observed in the case of D.O. resistance, inasmuch as there is 
less of hysteresis, a total absence of the residual effect and a different 
shape of the magneto-rosistanoe curve. The magneto-resistance curve 
obtained with A.C. is also free from many irregularities often noticed with 
D.C., such as negative hysteresis, intersection of the different parts of the 
curve, and want of symmetry between the two halves of the curve for a 
complete cycle. 

49. Theoretical discussions on the A.C. magneto-resistance of 

nickol. 

M. M. Sen Gupta, H. B. Mohanty, and S. Sharan, Cuttack. 

The A.C. magneto-resistance change of nickel has been plotted against 
the square of magnetisation and it is found that though the curve for 
increasing field becomes a straight line only after a certain magnetisation 
has been reached, that for the decreasing field is approximately a straight 
line throughout nearly the whole of its length. As the remanence in the 
case of the magneto-resistance change is zero, (vide previous abstract) this 
straight line, if properly manipulated, outs the magnetisation axis giving 
a value of the magnetisation which has no effect on the resistance 
change of nickel and is due merely to the reversals of the magnetic elements 
of nickel. Theoretical qualitative explanations of the absence of remanence 
and of the shape of the curve as distinct from that obtained with D.C., 
have also been given. 

fiO. A modified ripple method of measuring surface tension. 

J. C, Kasibsvae Rav and S. Venkara Raman, Hyderabad. 

In the usual ripple method of finding surface tension, ripples are 
produced by a vibrating tuning fork and the surface is illuminated by 

7 
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intermittent light of the same frequency, winch is generally done with thy 
help of another fork or by using Fleming’s motor vibrator as modified be 
Baman. This method entails great loss of light. The use of intermittent 
light can be avoided by forming stationary ripples either by reflection or 
on running water along a slanting surface, whose inclination can be 
adjusted. Either of those arrangements involve the use of steady light 
and can easily be used for measuring surface tension. 


51. A theory of the surface tension of liquid metals. 

D. V. Gogatb and D. S. Kothaki, Baroda, 

The object of this paper is to study the phenomenon of surface- 
tension from the point of view of the electron theory of metals, '^sing 
the free-electron model of Sommerfold, and taking into account the Coulomb 
forces between ions and free electrons and the Fermi-Dirac distribution 
law, we have worked out a theory of the surface tension of liquid metals 
and have obtained the formula :— 


1 fegjg 



where S is the surface tension of the liquid metal, 
i? is a constant, very nearly unity, 
m is the mass of the electron, 

is the mass of the hydrogen-atom, 

p is the density of the liquid metal, 

A is the atomic weight, 
and T is the absolute temperature. 


The calculated and observed values of surface tension of the liquid 
metals Na, Ag, Cd, Zn, Hg, Pb, Bi, etc. are compared and the agreement 
is found to be fairly satisfactory. 


52. A method of measurement of surface tension. 

L. D. Mahajan, Patiala. 

A method is devised to find the surface tension of liquids and solutions 
which are available in small quantities. The apparatus is merely a com¬ 
bination of Warren’s surface tension balance (Phil, Mag., Vol. vii, 
pp. 368-386, 1927), and T. Carlton Sutton’s capillary tube {Proc. Phys. 
Soc., Vol. 46, pp. 88-90, 1933). Warren’s apparatus is used to control 
the pressure and Sutton’s capillary tube to balance a small thread 
of a liquid. The method is suitable for viscous as well as mobile liquids. 

The apparatus so devised is found to be very convenient to handle 
and quite sensitive. The surface tension of various liquids and solutions 
measured with it is foimd more accurate and reliable than that found 
by other methods. 


53. On the measurement of quantity of light by the photo¬ 
electric cell. 

D. V. GoGAtB, D. S. Kothaei, and U. K. Patwaedhan, 

Baroda. 

This is a continuation of the investigation already reported in the 
Indian Journal of Physics, Vol. 9, July, 1936, in which a method of using 
the photo-electric cell for the measurement of quantity of light was 
described and the two uses of the cell, vie. (i) for measuring the intensity 
of light, and (ii) for determining the quantity of light, were shown to 
correspond to the two uses of a galvanometer, viz. for measuring current 
and quantity of electricity req}ectively. 
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A Westinghouse photo-electric cell (type P.A.I.) which does not require 
any energising voltage is connected directly to a galvanometer, and the 
throws and steady deflections produced in the galvanometer are recorded 
for instantaneous and time exposures of the cell respectively. 

Experiments are in progress with different types of photo-electric 
cells and an attempt is being made to use the photo-electric cell for 
measuring the quantity of light in discharges of short duration. 


54. An experimental investigation of dilute liquid amalgams 

of zinc and lead with special reference to their electrical 
conductivity, viscosity, and density. 

G. R. Paranjpe and H. R. Redkar, Bombay. 

This is a continuation of the work already published in the Jown. 
Phifs. Ghent., Vol. 34, 1932, p. 2474, and the .Journ. Univ. Boinbdi/f 
Vol. II, Pt. II, 1933, p. 40. The effects of temperature on all these 
properties are also studied at the same time in the range 30® to 70“C. 
in a specially constructed largo thermostat. 

The amalgams are made electrolytically and all the different measure¬ 
ments are executed as rapidly as possible. No definite discontinuities 
are observed in the range examined so far. 

55 . Transport of silt. 

S. R. Sen Gtjpta, Sibpur. 

Silts are transported by streams in two distinct ways. The bed silts 
are made to roll along the floor of the stream and the suspended silts are 
bodily carried forward by the water current. In this paper silts are con¬ 
sidered as cylinders of circular cross section. For any definite ehamiel 
velocity the maximum size of silt that can be just carried in suspension 
is obtained. The motion of this limiting size of silt is discussed. The 
rolling motion of the bod silt is also discussed. The paper is based on 
certain oxporimonts carried out in the wind tnrmel of the James Watt 
Engineering Laboratories of the Glasgow University. 

56. Resistance of a conducting sheet of uniform thickness. 

S. R. Sen Gupta, Sibpur. 

The resistance of a sheet of conducting material of finite width and 
of uniform thickness with a circular hole at the centre is discussed in this 
paper. The current and the potential functions have been obtained theo¬ 
retically and exporimontally. The increased resistance of the sheet duo 
to the presence of the hole has boon estimated and expressed in a form 
suitable for gencal use. There is close agreement between theory and 
experiment. 

57. Note on a method of finding deflection. 

S. R. Sen Gupta, Sibpur. 

The usual methods of findi^ the deflection of a beam are not at all 
suitable for finding the defiection when the load consists of a series of 
travelling loads such as locomotive wheels. The method gnen in this 
paper is perfectly general and well adapted to deal with stationary or 
moving loads. Several examples are worked out including one with 
standard Railway Board loadings. 
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58. Beams on elastic foundations. 

S. B. Sen Gupta, Sibpur. 

Many cases occur in engineering practice when it is necessary to have 
a knowledge of the bending moments and shear forces on a beam on elastic 
foundation. Timoshenko has solved the problem when the beam is 
infinitely long. This paper deals with the above problem when the beam 
is of finite length under any type of loading. Stresses on a railway sleeper 
have been obtained. As an extension a method of determining the 
effective span of a beam resting freely at two ends on bearing plates is 
given. 


59. A proof of the constancy of the velocity of light m a moting 
medium by means of negative spaces. 

Panohanon Bhattacharyya, Calcutta. 

When a frame S' moves with uniform velocity v with reference to 
another frame S along a right line AB, the apparent velocity of light in 
relation to S' should be c—v or c+v, according as it is projected along AB 
otBA. But the velocity of light is always found to be equal to c. Einstein 
has tried to reduce these unequal velocities to the same velocity c by 
changing the idea of time and space. The writer thinks there is a flaw 
in the entire method of procedure. A real proof of the phenomenon is 
obtained, without distorting time, by the application of Negative or Hyper* 
fine Spaces. (Proc. Indian Science Congress, 1935.) 

The world is considered cylindrical, consisting of parallel lines or 
rays moving wjjlli uniform velocity c. When a rod PQ moves with 
uniform velocity v along PQ, its constituent rays become inclined at 

angle 9 with PQ, such that sin Therefore, the new 

length*»the breadth of the strip of rays—PQ sin 9. The resolved part 
of the velocity of light along the breadth of the strip=c sin 9. As the 
contraction of length and the motion of perpendicular to the breadth of 
the strip isjmconceivable, the velocity of light will appear to be equal to 
c as before. 


60. A note on Einstein’s objection on the completeness of the 

quantum-mechanical description of reality. 

D. S. Kothabi, Delhi. 

In a recent issue of the Physical Beoiew (Vol. 47, page 777, 1935), 
Einstein, Podolosky, and Rosen have criticized the fundamental basis of 
quantum mechanics and have been led to conclude that the d^cription 
of reality as given by a wave function is not complete. Temple {Nahire, 
135, 967, 1935) also has recently raised an objection which he considers 
‘ destroys the whole structure of the modem form of the quantum theory 
The object of the present paper is to examine these criticisms and an 
attempt is made to show that they are not really justified. The ar^- 
ments advanced in this paper are really all implied in Dirac's exposition 
of quantum mechanics (The Principle of Quantum Mechanics, 1935, 
chap, i-v), they being oxily present nere in a form relevant to Einstein 
and Temple’s oritioki^. 

61. Magneto-striction of degenerate electron gas. 

D. 8 . Kotoabi, Delhi. 

When degenerate electron gaa is subjected to a magnetic field then 
some of the electrons are tran^erred to previously unoccupied higher 
energy-levels or phase-cells. This increase in null-point energy of the 



( 17 ) 


Ahetrai^s. 


101 


electron gaa means a corresponding increase in its pressure. If the 
pressure is to be kept constant, there must be a slight compensating 
increase in the volume of the degenerate gas. We thus immediately 
derive a formula for magneto-striction. An application is also made of 
Stoner’s interesting results in his paper on the Thermodynamics of mag¬ 
netization (Phil. Mag., Vol. 19, page 566) to the above case of the electron 
degenerate gas. 

62. The relation of gas pressure to radiation pressure in 
degeneracy. 

D. S. Kothari, Delhi. 

In +he Monthly Notices (Vol, 93, page 82) the author has shown in a 
most general way that for an ideal gas, degenerate in the sense of Fermi- 
Dirac Statistics, the gas pressure exceeds the radiation pressure for both 
the fully relativistic and the fully non-relativistic limitL^g cases. In the 
present paper the above result is established by starting from the exact 
relativistic formula for the pressure of a degenerate ideal gas. This result 
is very significant in connection with the recent work on the theories of 
stellar stnicture, and tho second part of this paper deals with this applica¬ 
tion to stellar structure. 


63. Stationary optical paths. 

D S. Kothari, Delhi. 

In a recent issue of Nature (Vol. 133, page 830) T.*Smith has drawn 
attention to the erroneous but oft-quoted statement that optical paths are 
routes sometimes of minimum and sometimes of maximum times, and that 
for this reason we may refer to them simply as stationary paths. The 
correct statement is that the time happens to be a minimum when the 
path does not include an image of an end point of the rays considered, 
but that if the path includes such an image the time is neither a maximum 
nor a minimum, but is simply stationary. Tho author has pointed out 
that this correct formulation of the law of stationary path for optics is 
identical with the corresponding law of least action in particle-dynamics; 
and it is only thus that the full significance of the similarity between the 
properties of light and particle, so important in wave mechanics, is brought 
out. The quantum mechanical basis of the principle of least action is 
also discussed. 

64. Contracting or expanding universe ? 

S. Ray, Lucknow. 

In Sulahnan’s Graviton Theory of gravitation, the solution for a 
planetary orbit is 

(1-2W)+^ ^e^-^cos ifi-w). 

Of these, the first term gives an expanding solar system, and the 
second a contracting one. 

This was pointed out in a paper communicsted to Sir Shah Sulaiman 
on 20th October, 1934, and at the Symposium op Relativity at the U.P. 
Academy of Sciences, Allahabad, on 17th August, 1986. 

The author is not aware of Sir Sulaiman having used this result of his 
anywhere in his five publications, including his paper beforo the U.F. 
Academy on the 17th August, or of his possibility of replying to the criti¬ 
cisms of Hamilton by withdrawing his approximate determination of the 
orbit of planets with the assumed identity of D and c, D and c being the 
velocity of gravitons and radions respectively. 
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65. The exploding atom of radioactivity in Sulaiman’s graviton 
theory. 

S. Ray, Lucknow. 

Sulaiman heis given two different, and perhaps contradictory, inter¬ 
pretations of ‘ ds ’, the line element of Einstein, on pages 25 and 253 of 
the U.P. Academy Proceedings of 1934-5, Vol. IV. A totally different 
interpretation is given here by the present author based on Sulaiman’s 
Physical Theory of Gravitation. 

A matter particle is a stock of gravitons which is necessarily exhausting 
with time. ' da' is the change of state of this stock of gravitons. 

ds2=: _c2. dfi 

repi-esonts the change of state due to lapse of time. 

da^—dx^-\-dy^-\-dz^ 

represents the change of state due to change of place. 

The total number of gravitons in a particle at any time t are 

N=N^-}:t 

and the velocity of ejection of gravitons varies with time according to the 
relation 

D—pkNQe-lfi. 


66 . On the ‘ first universal Principle ’ of Sulairaan. 

S. Ray, Lucknow. 

Sulaiman gives for the relative v^elocity of two particles, moving in a 
line with velocities u and v respectively, the expression 


V={v—u) 


' X> Z> 






This result rests on a fallacy of finding dajdt from the values of ds 
and dt, when da is in reality d{s+da). An examination of his arithmetic 
will show that to find ds he has evaluated the final distance apart between 
the two moving particles, and then finds its differential. When the 
correction herein pointed out is made, both Sulairaan’s ‘ real velocity ’ 
as well as ‘ apparent velocity ’ come out equal to the Nowtoniim value 
of (v—u). This is as it should bo, as laws of Newtonian Dynamics were 
assumed by Sulaiman in the argument. 


67. On Sulaiman’s ‘ second universal principle ’ and Doppler 
effect by tangential motion. 

S. Ray, Lucknow. 

The Second Universal Principle of Sulaiman states that for tangential 
motion with velocity v, the force of gravity becomes {l—v^/D^)^ times the 
force obtaining in case of rest. 

It is shown that, by classical dynamics that is invoked, the factor 

should be ^ the resultant being greater than D, the velocity 

of gravitons emitted by a mass at rest, and not less as Sir Sulaiman 
presumes. 

Incidentally this criticism constitutes a criticism of one inter¬ 
pretation that Sulaiman gives of Einstein’s ‘ lino element ’, ds, which he 

bases on the assumption that the factor is {l—v^fD^) ‘, viz. that da is ‘ the 
projection of the effective path of light along the real direction (Chapter 
V, p. 263.) 
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It is also shown that tho mathematical argument of this criticism 
will, for Sulaiman’s radion emission of light, give a Doppler Elfect by 
tangential motion. 

68. The kinematics of Sulaiman and the djuamics of Newton. 

S. Ray, Lucknow. 

In a discussion on 1st October, 1934, after Sir Shah Sulaiman’s address 
in Lucknow, it was pointed out by tho present author that Sir Sulaiman 
was getting attraction out of bombardment by withdrawing gunners 
from tho side of tho attracting particle facing the attracted one. 

In the U.P. Academy Sympo.sium on Relativity on 17th August, 193.5, 
it was pointed out that Sir Shah Sulaiman was getting ‘ self-acceleration ’ 
by arranging to put more gun-powder in the rear g^ms than the front 
ones on tlio surface of tho moving pai'i iclo. 

69. On a quantum mechanism in Sulaiman’s graviton theory of 

gravitation. 

S. Ray, Lucknow. 

If a particle move tangentially round a source of graviton emission, 
storting from the space between two gravitons at any instaiice, it can 
como to the same position again without experience a single ‘ hit ’, or 
what is th(' same thing, without experiencing any gravitational force. 
If the velocity is increasotl. it is easy to see tliat if in tho time of one 
graviton taking up the position of the graviton immediately preceding it 
tlie atlracted particle describes a whole number of revolutions round the 
attracting particle in addition to the space separating the lino of fire of 
two consecutive machine guns of Sulaiman’s jim (analogous to Maxwell’s 
demons), tlie zero value of the gravitational force will repeat itself. 

It can also be seen that a small change of ‘ phase ’ of motion of tho 
attracted particle will make the force of gravitation jump up from a zero 
value to a maximum, when it shall bo liit by absolutely all the gravitons 
as it goes round t he attracting partjclo. 

Tho line of fire will bo straight lines separated by gaps. With small 
particles at sufficient distance from tho attracting particle, a fine structure 
effect will be obtained. 

70. The quantum theory and scattering of light from liquid 

surfaces. 

S. Ray and S. C. Roy, Lucknow. 

In any emission theory of light, like tho corpuscular theory of 
Nowtop or the radion theory of Newton, the projectile cannot bo larger 
than the source of emission, the molecule, the atom or the electron. 

In tho surface of the liquid molecules are arranged in all kinds of 
possible orientations. They are, moreover, rapidly changing their orienta¬ 
tions with time. Therefore the scattering will be very great. 

In a wave theory, the wavelength is very much longer tha»t the 
source. Huyghen’s construction will give a good rofloction and very small 
scattering. 

The virtual absence of scattpring from liquid surfaces should, there¬ 
fore, be added to the list of phenomena against the quantum hypothesis 
given by Jeans in his Dynamical Theory of Gases, 3rd edition, p. 378. 

Incidentally it is pointed out that propounders of i,aantum and 
emission theories of modern age avoid the compliraont to Newton which 
the designation ‘ corpuscles ’ could convey, because they are aware that 
in the history of physics it has been decided once for all that corpuscular 
theory will give a gprnter velocity for light in the denser medium than in 
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the rarer one. By using the term quant, dart, or radion, they think 
they avoid that difiBculty which a ^eciflc emission theory necessarily 
encounters. 

71. On tidal waves in a thin shell due to a molten interior 

separated by a vapour cushion. 

S. Ray, Lucknow. 

In a paper submitted to the U.P. Academy of Sciences on 16th August, 
1936, it was shown that the ‘ trigger action * admitted by Prof. A. 0. 
Banerji as being caused by the alignment of moon and planetary bodies, 
in the Calcutta Science Congress Symposium on the Behar Earthquake, 
becomes a direct action for a thin shell which the earth’s crust necessarily 
is. 

Substances which expand on solidification will just form the earth’s 
crust. Those that contract on solidification will then separate from this 
crust. 

This will keep the interior source hotter and more ‘ liquid ’ than our 
solid or liquid continuum extending to the centre of the earth made it, and 
explain the incidence of severe earthquakes near new and full moons as 
in Behar and Quetta. 

72. On correct evaluation of Ball’s ratios for glacial and genial 

ages. 

8. Ray, Lucknow. 

Ball assumes the sun heat received in northern and southern hemi¬ 
spheres with declination S to be 

^ (l+ain 8) and ^ (1—sin 8) 

where 2H/o2 is the quantity of sun heat falling perpendicularly on an 
area equal to the section of the earth at the mean distance a from the 
sun in imit time. 

It can be seen that if we consider the northern and southern hemi¬ 
spheres, a factor ^ should be affixed to the term sin 8 in the ex¬ 
pressions. 

When this is done, the variation of Mean Daily Sun Heat in summer 
and winter, for the Glagical Age, are in the ratio 

1-22 : 0*78 

as against 1*38:0-68 of Sir Robert Ball. It is, in fact, better than his 
‘ Present Age ’ Ratio, which is given as 

1-24; 0-75. 

This corrected value is submitted as a support of Wegener’s C!ontinental 
Drift Theory. 

73. Floating continents and the energetics of a cooling shell in 

rotation. 

S. Ray, Lucknow. 

Qeikie clearly points out that requisition of Astronomical Theories 
of Glaciation is a kind of last resort for Geologists. 

In die Symposium of the American Petroleum Geologists in 1928, the 
remarks of van der Gracht indicated that oceans may rest on molten 
magma in a s^ffieroidal state supported on a cushion of vapour. 

So-called Quantum Dynamics owes its success to exploiting the 
Principle of Conservation of Energy of Newtonian Dynamics in problems 
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of Physios, wit).out going into the details of processes involved. The 
Principle of Conservation of Rotational Energy can be exploited for 
problems in Geophysics with profit. 

Sial crust resting in the spheroidal state over liquid magma will 
form into a circular patch round a pole on account of the Principle of 
Smooth and Balanced Rotation. 

This patch on cooling will alter the moment of inertia of the earth, 
and therefore its period of rotation. To stop it, forces will be brotjght 
into play. 

In a previous paper communicated to the Indian Science Congress it 
was submitted the forces making for diurnal and secular variation of the 
earth’s magnetic and electric fields was due to such causes. (1919.) 

In this paper it is shown this will supply us with physical forces 
producing geological changes for which geologists have no explanation. 

Forces acting at right angles to the axis of the earth’s rotation will 
obviously arise. It will give an elevating force which is a moximmn at 
the equator and drops to a zero value at the poles. It will also bring 
about, by a tangential force which is zero at the poles and at the equat or 
and a maximum at latitude of 45 degrees, north and south, a tension and 
compression of the kind postulated by Wegener. In a paper on the Forma¬ 
tion of Fold Mountains in the Indian Science Congress, 1935, a theory' has 
been given of sinuous waves parallel to the equator. The stresses hero 
shown will give folds of which the direction of the wave is parallel to the 
meridians. 

The tearing force will also give radial rifts and supply measure of 
the quantitative force for tearing asmider of continents which geologists 
want, as well as indicate the date of the event. 

Glaciation requires for explanation sudden changes of climate rather 
than slow processes of Astronomical Theories. The energetics of a rotating 
shell, floating on a vapour cushion above a molten magma, furnishes 
forces bringing about such sudden changes. 

Detached islands, by their translatory motion parallel to the meridian, 
08 well as by elevation, would act like governors in regulating the period of 
rotation of the shell. 

74. Neliruization of fans. 

S. Ray, Lucknow. 

S. S. Nt hru, in 1916, did some researches at the Muir Central College 
on the effect of collars or eeranges round screws, in increasing their 
efficiency. 

These results were sought to be utilized for ventilating with a single 
table fan the M.Sc. Part I Practical Hall (Heat Section) without disturbing 
the dozen experiments on the tables along the length of the hall. The 
hall is 35 feet by 15^ feet and the space in the middle is reserved for 
seats for calculation work. 

An ‘ ecrange ’ of sheet iron of diameter 15' and length 2 feet mounted 
in front of the fan blades gave a ‘ beam ’ breeze along the axis of the 
hall where the seats for calculation are provided. 

The arrangement was suggested in a ‘ Report on the Acoustic 
Correction of the U.P. Council Chamber ’ submitted to the Hon’ble the 
President, U.P. Legislative Comicil, and the Secretary to Government, 
P.W'.D., Buildinp and Roads, on 10th June, 1934. 

To study the thrust, produced by the screening system the fan is 
suspended by a bi-filar susj^nsion from the roof. 

75. On sums of powers and primes. 

I. Chowla, Waltair. 

Generalizing a method used by S. S. Pillai it is shown that for any 
integer n>3 there exists a F=»F(n) such that all large integerss3( F>. 
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are sums of (»+2) nth powers of positive integers and 2 primes. This 
theorem is now when n is a power of 2. 

76. On Waring’s problem. 

I. Ohowla, Waltair. 

Using the method recently developed by Vinogradoff it is shown that 
if n be an integer >3 and 

s—[«{6 logn+log 216+4)] 
then for every integer N'^c-=c{A,n) we have 

isr=t,*+ ... + t,.” 

where the t’s are integers greater than an arbitrary positi\'o +. 

77. A type of non-static solutions of the equation 

|r 9pq^~ 

J. Ghosh, Calcutta. 

Einstoin proposed the above equation for the gravitational field of an 
electron (Math. Ann., 1926) and it was solved by the author with reference 
to several fundamental cases of radially symmet.ric fields (Z. fur Physik, 
85..')! 1 ; 1933 ; and 94,411 ; 1935. Also Nature, July, 1933 ; July, 1935). 
The author obtains in this paper a type of non-statin solution of the above 
equation. 


78, On certain new connections between Legendre and Bessel 
fimctions. 

S. C. Mitra, Dacca. 

In the Bulletin of the Calcutta Mnthemai,icai, Society (Vol. 25, No. 2, 
1933, p. 81) and the Proceedings of the Edinburgh Mathematical Society 
(Vol. J V, part III, 1935) several new connections between Legendre and 
Bessel Functions were obtained. In the present paper, several more new 
connections have been obtained. 


79. On solution of a certain type of difference equations com¬ 

pared with those of their analogues in ordinary differential 

equations. 

P. N. Das Gupta and V. R. Chariab, Patna. 

It has been shewn that while in Olairauts’ typo, in its generalized and 
ordinary form, there exists some similarity between periodic types of 
solutions with ordinary solutions, there are in the case of finite differences 
certain peculiarities which <lo not allow of an extension to the case of 
continuous variables. Some particular solutions with definite periodic 
functions are discussed as to their bearings with reference to other solutions. 

80. On concomitants of two quadrics associated with two linear 

complexes. 

P. N. Das Gupta and Nityananda Chatterjee, Patna. 

One of the authors (Das-Gupta) has considered the concomitants of 
two quadrics associated with a linear complex in Proc. Lond. Math. Soc., 
Ser. 2, Vol. 31, pt. 7. In the present paper corresponding concomitants 
with associated Geometry have been obtained in the case of two quadrics 
associated with two linear complexes. 
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81. On the evaluation of the probability integral of the D®- 
statistics. 

Rajchandra Bose, S. N. Ray, and P. C. Mahalanobis, 

Calcutta. 

Tho exact distribution of the DS-atatistics, constructed by P. C. 
Malialanobis in an attempt to estimafo tho divergence between two 
populations, was found by one of the authors in tho form which after the 
substitutions 


can be written as 




X^=^lnF^^, 7.2=>mPZ)i2 

.1(7^^4-A2) 


4-X 


Le 


If, (^A)dL 


whore Dj2 is the uncorroctod sample value, and A 2 the populatioii value 
of D~, and I is tho I}<;.ssol function of imaginary argument. The 
object of tho present paper is to obtain the numerical value of the incom¬ 
plete probability integral 


A)- 


\ F/AL, 
•■0 


\)dL. 


ft is proved that 
w’hcre 


P 


--1 


Tho fuiiction / obeys the recurrence formula 

Sp(L, X)+^Jf,_^(L. A). 

This enables us to make <t>p{L, X) depend upon A) or A) 

according as P is even or odd. 

Wo show 

.A+Z. 

ML,xy- 


^X-L 


— 't2 , 

e - d( 


which can be found from the tables of tho probability integral. Also 
^ 2 [L. X) is obtained in the form of the following convergent series:— 


jl-c- 




m 


ml 


where 


w —0 »/# = 0 

a!-|L2, ^=jA2. 


The actual numerical computation is proceeding in the Statistical 
.Laboratory, Presidency College, Calcutta. 
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82. On the generalized measure of divergence between statisticaf 
groups. 

P. C. Mahalanobis, Calcutta. 

A generalized distance between the mean values of two statistical 
groups called 2)2, which has been discussed elsewhere, has exactly the 
same form as the expression for the interval in the theory of rela¬ 
tivity. This suggests one possible method of generalizing the expression, 
for the statistical distemce (D2) in the same way as the interval in the 
gravitational theory of relativity. On the basis of this formal identity 
every theorem in relativity involving the interval has an exact analogy 
in statistics. For example, the Lorentz transformation is recognized to 
represent in statistics a transformation of the variables in such a way as 
to make the transformed variables statistically independent. The gene¬ 
ralization of D2 in analogy with the general theory of relativity requires, 
however, that the coefficients of correlation an(^ the variabilities should 
be functions of the co-ordinates, that is, of the size of the characters. It is 
not known how far this condition is satisfied in actual statistical fields. 

It has been therefore considered desirable to develop alternative 
methods of measuring the generalized divergence between statistical’ 
groups. Confining our attention to multivariate linearly correlated 
normal populations, it has been found convenient to represent the difference 
between mean values as a geometrical distance; the difference between 
correlations as a hyper-dimensional rotation, and differences in variabi¬ 
lities as a difference in the size of the density-ellipsoids. Possible expres¬ 
sions for the generalized divergence as well as sampling distributions are 
under investigation by Bajchandra Bose and Samarendra Nath Ray. 


83. A statistical analysis of marks obtained in a University 

examination. 

B. C. Das and D. N. Sen, Calcutta. 

84. On the rate of disappearance of the proper motion of a 

nebula in the theory of an expanding universe. 

N. R. Sen, Calcutta. 

85. Determination of lines of flow and uplift pressure on 

works on sand foundation. 

N. K. Bose and H. L. Uppal, Lahore. 

As most of the Irrigation Works such as dams, weirs and falls are 
on sand foundation, it is of great importance to practical enraeers to 
know how the flow lines distribute themselves b^ow their hydraulic 
structures. It is well known that if there is a concentration of flow lines 
at the toe end of the structure there is a danger to the Works. 

So that the determination of such flow lines has been one of the 
most important problems for hydraulic engineers in Europe and America 
where they have tried to trace it by putting dyes along with the flowing 
liquid on the entrance end of the structure. The streamlines so traced 
used to be very faint and dispersed specially where the pressure gradient 
was very smaU. To overcome this trouble the methM developed by 
Dr. E. McKenzie Taylor, Director, Punjab Irrigation Research Institute, 
has been successfully used to trace these lines of flow. This method 
consists in passing a weak soluticm of potassium chromate instead or 
water throi^h the sandy foundation in a modd tank and then intro¬ 
ducing silver nitrate solution at a number of points on the entrance side- 
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This solution of silver nitrate as it flows in the sandy medium and comes 
in contact with the potassium chromate solution leaves a dark red 
precipitate of silver chromate as distinct lines of flow which can be 
'photographed easily. 

l^e distribution of pressure on the sandy medium has also been 
observed by putting in brass nipples at definite points in the sides of the 
tank and by coxmecting them to water manometers outside. By this 
means it has been possible to get distribution of pressure and from them 
to derive mathematically the lines of flow. Agreement between these 
lines of flow and those obtained from the photograph is very good. 

It has been found possible to get the complete pressure distribution 
round different hydraulic structures by combining a couple of streamlines 
with about half a dozen pressure observations distributed suitably roimd 
the model. This has led to get economy of time and labour. 

86. On the theory of Ionosphere. Part I. 

D. S. Kothahi and R. C. Majitmdab, Lahore. 

Assuming that the Ionosphere consists of ions and free electrons the 
current density, dielectric constant, etc. have been calculated in §1, 
following Dirac’s method of variation of constant. In §2 the effect of 
damping has been considered after Wigner and Weirskopf and the 
•frequency of collisions calculated and compared with observations. 




Section of Chemistry. 

President: —P. C. Guha, D.Sc., F.N.I. 

Presidential Address. 

RECENT DEVELOPMENTS IN THE CHEMISTRY OF 
BICYCLIC TERPENES. 

In cpening this address I wish to express my high sense 
of honour in being invited to preside over the delil)erations of 
this Section. I cannot hope to serve you as my distinguished 
predecessors in this Chair, some of whom I am very glad to see 
here to-day, but I can claim to be as much in earnest for pro¬ 
moting its aim, and being fully aware of my own limitations, 
I venture to hope that with your friendly co-operation we may 
make the session a success. 

Next, I feel it is our duty to pay our most respectful tribute 
to Sir P. C. Ray, the father of chemical research and industry 
in India. Let us all pray to Almighty God that this ‘ Grand 
Old Scientist ’ may be spared to advise and guide Scientific 
India for very many years to come. 

It is difScult to select a subject to suit the taste of an 
audience comprising votaries of all the different branches of 
chemistry: but following the example of many predecessors, 
I have decided to deal with a subject in which, at the present 
moment, I and my student co-workers are taking an active 
interest. 


Intboductoey. 

Before discussing the recent developments in the chemistry 
of bicyclic terpones, it is desirable to say a few words aboiit 
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bicyclic ring systems in general. As appears from the above 
diagrams, the number of possible bicyclic ring systems is large. 
Some are found to exist in naturally occurring terpenes whilst 
among the remainder some are known only by S 3 rnthesi 8 . 

Similar bridge formation is possible with cyctoheptane and 
other polymembered rings. Bicyclic ring systems are composed 
of two rings united directly in the ortho position, or having 
more than two carbon atoms common to both rings. It is 
proposed to give only a short description of the more impor¬ 
tant systems with their salient features. 

Derivatives of the system (i) are known only through syn¬ 
thetic investigations. Beesley, Ingold, and Thorpe*^ have 
prepared three stereoisomeric forms of l-methyl-bicyc?o-(0:1: 
l)-butan6-2 :3 :4-trioarboxylic acid (I) starting from ethenyl 
triaoetic ester. 

Bicycfo-(0:1:2)-p6ntane (ii) in which a cyciobutane ring 
is fused to a cyclopropane ring, is apparently tautomeric with 
its monocyclic form (iia). Support for structure (ii) for com- 
pouncb of this group is available through oxidation experiments 
giving compounds of the type of caronic acid,^ while their optical 
behaviour and chemical properties point to the existence of the 
cyclopentene ring. 





The next rii^ system, bicyclo-(0; 1:3)-hexane (iii) occurs 
in naturally occurring terpenes, like thujane (vide infra) and 
copaen.* Compounds of bicy<^-(0; 1:4)-heptane (iv) group 
are discussed under tlie oarane series. 
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The next important ring system is bicycto-(0 ; 2 : 2)-hexane 
(v). Zelinsky * claims to have obtained the parent hydrocarbon 
by the action of sodium on cw-p-dibromocycfohexane. Under 
identical conditions, fra?w-p-dibromocyctohexane does not yield 
the hydrocarbon. 

Bic«/c/o-(0 : 3 : 3)-octane (xi) and its derivatives have proved 
to be of considerable importance from the stereochemical stand¬ 
point. Willstatter^ obtained the parent hydrocarbon for the 
first time and later 8chrbter® claimed to have synthesized 
certain derivatives of this group but according to Linstead’ 
(cf. also Kuzicka et alia ®) all these compounds ‘ are of doubtful 
constitut’on This ring system has been found to occur in 
the product of degradation of desoxycholic acid.® The contri¬ 
butions of Linstead and his collaborators on the stereochemical 
aspect of this ring system are signific^ant and will be described 
later. 

No compound is definitely known belonging to the hicydo- 
(0:2: 4)-octane sy.stem (vii), hut it is ujtei'esting to note that 
Ruzicka^® has assigned to caryofdiyllene the structure (11). 


0 

Moc/ _.CMca 

II I I 

dig 

c-CH—C—CHfl 


(II) 


\Mcyclo-{{) : 3 :4)-nonane (xii) is hydrindane tind its deriva¬ 
tives have formed the siibjei-t of important stereochemical 
investigations by Hiickel. Azulene, the sesquiterpene hydro¬ 
carbon isolated by Ruzicka, has probably the same ring skeleton. 
Compounds of the bic?/c/o-(0:3 :5)-ring system (xiii) arc known 
oiily by synthesis.^^ 

Coming to the ring system (xvi), hicydo-iO : 4 : 4)-decane, 
occurs in scs(juiterpenes and also in compounds like santonin, 
alantolactone, etc. Uecalin, the parent hydrocarbon of this 
group and its derivatives, have been synthesized by a large 
number of well-known reactions. Incidentally, it might be 
mentioned that it was in decalin and its derivatives, that 
Hiickcl for the first time discovered the isomerism arising out 
of the 045 and trans lockings of two monocyclic rings. 

In the hicydo-{0 :4 : 5)-undecane system (xvii), only such 
derivatives*® have been met with in which the 6-carbon ring 
is benzenoid in nature. 

The bicycto-(l: 1:3)-heptane ring system (x) is present in a 
large number of compounds of the pinane series, while hicydo- 
(1 :2:2)-heptane (xiv) is the parent hydrocarbon of all the 
compounds of the oamphane, fenchane, and santane series. 

The hieydo-{2 :2; 2)-octane (xix) is of interest since Hiiekel ** 
finds (by calculation) the molecule to be practically free from 

8 
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strain. Other compounds of this group have been made 
known through the ‘ diene ’ synthesis of Diels-Alder as also by 
Komppa’s synthetic work starting from hexahydrohomo- 
terephthalic acid. Work in this laboratory has shown that 
ethyl disodio-HUccinosuccinate reacts under suitable conditions 
with ethylene bromide to furnish the corresponding p-bridged 
diketo-ester.” 

The next ring system of importance, hicydo-{l : 2 : 3)- 
ootane (xv) to which eyi<focamphene, homocamphenilone, homo- 
camphor, homofijpfcamphor, etc. belong, is known only by 
synthesis. 

Derivatives of hicyclo-{l : 3 :3)-nonane (xviii) have been 
synthesized by Mocrwein by condensing methyleneW-smalonic 
ester with methylonemalonic ester in presence of sodium cthoxide. 
Rabe on the other hand obtained the (lorresponding hkyclo^ 
nonane derivative by interaction of methylcf/ctohexcnono and 
acetoacetic ester. It is interesting to note tliat the })ic//c/ononane 
molecule is absolutely free from strain. 

Disposition of hicydic rings in space. —^The very significant 
contributions of HOckel in tke chemistry of decalins and the 
discoveries of Riizicka on the polymembered carbon rings, 
provided strong arguments against Baeyer’s uniplanar stiuoturtfs 
for cyclohexane and higher carbon rings. It was shown long 
ago by Molu’^^ that two isomeric decahytlronaphthalenes can 
be formed by the fusion of two strainless cyc/ohexanc rings in 
two different ways. The two rings are lociked either by their 
cis or their trans valencies in such a way that intentonversion of 
the types is not possible. Thus the existence of two decalins, 
and of four racemic forms of mono-subst itution products (derived 
in pairs fiom the cis and the tra7is forms) could be predicted. 



Hlickel’s experiments have shown this actually to be the case, 
leading to the conclusion that cyclohexane rings in decalin lie 
in different planes. At any rate, this must be so for Imnsdecalin, 
since it cannot result from the fusion of two planar cyclohexane 
rings. According to Richter ‘ it is therefore difficult to under¬ 
stand how Haworth retiches the conclusion that the pheno¬ 
mena of isomerism are conix^atible with the assumption of planar 
cyclohexane rings’. Further, the experiments of Rao*® have 
confirmed the stereochemical deductions from Mohr’s model of 
decalin. 

The investigations of Hiickel and Friedrich and later of 
Kandiah “ in the hydrindane series, have established the existence 
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of two aterooisomeric ring systems. Structural considerations 
would allow the formation of two stereoisomeric ci«-hydrindanols 
and only one imwa-hydrindanol from the corresponding hydrin- 
danones on reduction. This has been experimentally (confirmed. 

Linstead and liis collaborators have extended the researches 
of Hiickel to cis and trans hicydo-{0 :3 :3)-octane derivatives. 
Linstead and Barret^®* discuss the evidence and its bearing on 
the tetrahedral theory of ring-strain (Sachse-Molir). The con¬ 
flicting evidence obtained so far in this field as regards energj’ 
content and stability of bicyclie cis and trans types, would 
seem to indicate ‘ that the stability of bicyelic rings, and hen{!e 
by implication of single rings, may be affected to a greater 
extent than has been pi'eviouslj^ thought, by factors other than 
strain, in particular the repulsive forces of thevconstitiient 
atoms’. 

In passing, it might be mentioned that ‘ cf/c/ohexane 
has still to rid itself of or adojh the Saehse-Mohi’ hypothesis ’. 
The large amount of work cariied out by South Kensington 
school of workers would seem to point to a strained and uniplanar 
structure for cyclohexane. Hide by sid6 with tins, definite 
isolation of simple isomeric cyclohexane derivatives has l)een 
claimed, consistent with two multiplanar configurations for 
cyclohexane. The claim of Khuda^’ regarding the isolation of 
four forms of 4-methylcyclohcxaiie-l-carboxylic-l-acctie acid 
could not be substantiated by the independent investigations 
of (loldsehmidi and Grafinger,®® and Desai and Hunter.®® 
Considerable doubt has been thrown on his other claim by the 
lei oiit investigations of Linstead and Dey.®^ As there is no 
satisfactory experimental evidence for tin; 8achse-Mohi‘ hy^po- 
thesis, and as the energy’ required for the interconversion of the 
two forms appears to Ik* small, any such claim®® has to be 
accepted with I’eserve. 

The question naturally’ arises whether such isomerism can 
2 >ossibly exist in bicytdic compounds with rings locked in the 
1 :3-positions. Although theoretically possible, it is difficult 
to say’ whether the Imns-lockings in such cases with attendant 
strain in the molecules would permit then* existence. 

Camphane Fenchane Series. 

The problem that confronts one attempting a resume 
of recent developments in this field is not one of minor impor- 
tance or difficulty. This field, wliich includes the chemistry 
of camphor and its degradation products, can boast of a brilliant 
band of chemists of the type of Wallach, Semmler, W. H. Perkin 
Jr., Bredt and Komppa, amongst others for its devotees, and they 
have patiently toiled at it with remarkable success. The 
wonderful molecule <iamphor, the simplest of whose derivatives 
are capable of existing in a number of isomeric forms, has 
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proved to be an inexhaustible source of experimental results. 
Witness, the recent work of K. Miyake ^ who has isolated for the 
first time 6-ketocamphor from the oxidation products of camphor 
with chromic acid. Side by side with the synthesis of degrada¬ 
tion products there has been active synthesis of certain parent 
compounds. The parent hydrocarbon of the camphor group 
norbomylane (I)—^as Komppa would call it—was synthesized 
only last year by Komppa and Beckmann.® 



(I) 


The very large amount of synthetic work applied to degra¬ 
dation products of this series has been facilitated in no small 
measure by the correct formulation of camphor by Bredt, 
and the classical syntheses of camphoric acid by Komppa ® and 
by Perkin and Thorpe.* Much remains still to be done especially 
among compounds of .the fenchane series. 

In what follows, an attempt will be made to review the 
very recent synthetic developments in this field. The tricyclic 
compounds derived from members of this series will also be 
discussed. Camphor and its derivatives have been used in 
medicine from time immemorial and no apology is needed for 
the inclusion of a small section on the relation between physio¬ 
logical effects of these compounds and their chemical structure. 
The ‘ Wagner Rearrangement ’ and the more recent ‘ Naraetkin 
Rearrangement ’ are dealt with rather briefly from the point 
of view of their mechanisms. 


Syntheses of Parent Compounds. 

It is noteworthy that the number of parent compounds 
occurring in nature is very meagre. With the exception of 
camphene, borneol, fenchyl alcohol, wofenchyl alcohol, camphor 
and fenchone, practically all the other fundamental compounds 
from which an amazing number of complex substances are 
derived, have been obtained artificially in the laboratory, and 
it is with them that we are mainly concerned. 

Endocamphene (II) has been synthesized by Lipp, Gotzen, 
and Reinartz,® and this has definitely laid at rest the Wagner 
structure of camphene with an exocyclic bond (III). Aschan* 
had suggested the formula (II) for camphene. Lipp et alia 
find that w-bromooamphene (IV) on treatment with alkali 
yields R-homooamphenilone (V) which on reduction to the 
corresponding alcohol (VI) and subsequent dehydration furnishes 
endocamphene (II). 
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In this connection it may Ijo noted tliat the synthesis of 
cami)hene ^ (ITT) starting from camphenilone (VII) via methyl 
camphenilol (VIII) by dehydrating the latter with acids is ojien 
to doubt, it bemg well Icnown that cam])bene isomerises in 
presence of acids. 
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-CH—CMea 

1 

HgC—CH-CMea 
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Bredt and Bredt-Savelsberg ® have reported a new synthesis 
of Z-epfeamphor (XI) starting from camphorquinono (IX). 
The latter on reduction in acid or neutral solution yields 2- 
hydroxycamphor from which a-hydroxycamphor (X) has 
been obtained pure and this on treatment with NaHg furnishes 
^-ejjicamphor. 


CHa— CMe— CO 

CHa— CMe— CHOH 

CHa— CMe— CHa 

tJMoa 

1 

^Mea’ 

I 

CMea 

CHa—CH—CO 

CHg—CH—CO 
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(IX) 
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Asahina and Ishidate® have synthesized d-^picamphor (XI) 
starting from d-6-ketocamphor (XII), Addition of KCN to 
the latter takes place exclusively at the 5-carbonyl group 
yielding a mixture of a- and jS-hydroxynitriles, the corresponding 
a-5-hydroxycamphor carboxylic acid (XIII) gives a-5-hydroxy- 
camphanecarboxylic acid (XIV) which on oxidation gives 
d-epicamphor (XI). 
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CHjj—CMe—CO 

I 

CMeg 

CO—ck-CHg 

(XII) 


HO 

HOOC 


CHz—CMe—CO 

I 

CMea 

^ C-CH—CH)j 

(XIII) 


HO 
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CHg—CMe—CHg 
CMe2 
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The syntheses of a-fenchooamphorone and a-fenchene^° by 
Komppa and T^osehier and fcnchone by Ruzicka^^ famous and 
fairly old as they are need no reiteration. 

The discovery of Diels and Alder in 1928 that a. conj\igated 
series of donble bonds, a ‘ diene ’ system, could (combine addi- 
tively in the 1 : 4-positions -with other substances containing the 
group —CK=(?H—CO, such as maleic anhydride, acrolein, etc., 
has furnished the organic chemist mth a most powerful weapon 
for the synthesis of many com])licated ring systems. Diels 
and Alder have already covered much ground in their synthetic 
work with this now reaction, and in the field of bicyclic ter])enes 
have used it with conspicuous success.’^ 

cyr7oPentadiene accepts acirolein quantitatively thus;— 


HC=CH 


CHs. 


HC=CH 


4 - 


CHo 


CH—CHO 


HC—CH—CHa 

I 

CHs 

I 

HO—CH—CH.CHO 


(XV) 


The resulting bridged aldehyde (XV) is a very convenient 
source for the synthesis of camphor compounds. The enol 
acetate (XVI) corresponding to (XV) after reduction, yields 
on ozonolysis nor(!ami)hor (XVII) (previously synthesized by 
Komppa and Hintikka starting from ethyl c7/c/opentanone. 
3-carboxylate.^®) On alkylation with NaNHg and OHgl, 
norcamphor yields .successively 2-mcthyl-norcamphor (XVIII) 
and camphenilone (VII). 


HgC-CH—CHg 


CHa 


/ 

HgO—CH— C=CH 
(XVI) 


,OCOCH: 


;! 


HaC—CH—CHg 
CHs 

HsC—CH—CO 
(XVII) 


HsC—CH—CHMe 

I 

CHs 

HsC—CH—CO 
(XVIII) 


The synthesis of camphene from camphenilone, through cam- 
phenilol, according to the method mentioned elsewhere, is also 
described by Diels and AldOT, 



m 


Presidential Address. 


119 


Campheiie is converted by Bortram-Walbaum’s reaction 
to a mixture of borneol and woborneol (XIX) which is oxidized 
to camphor (XX). 

CH.2~-CH—CMe2 

cIho 

I 

CHa—CH—C-CHa 
(III) 

Komppa and Beckmami ^ have reduced norcamphor (XVII) 
(atalytically to the corresponding a-norbomeol (XXI), The 
diastereoisomoric j8-norborneol is obtained from the amide of 
bicyc/o-(l : 2 : 2)-hej)tane-2-oarb()xylic acid(XXI[) via the amine. 


HaC—CMe—CHOH 

I 

CMea 

HaC—is—CHa 
(XIX) 


HaC—CMe-CO 
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. I 

HaC—CH—CHa 
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Norbornylane (norcamphane) (XXIIT) is obtained from j8-nor- 
borneol through its chloride or bromide (XXIV) by reducing 
these with sodium and alcohol. The bromide (XXIV) gives 
norbomylene (XXV) when heated with quinoline. 
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Two isomeric homocamphors (XXVIll, XXXI) have been 
synthesized by Lapworth and Royle and by Salmon 
Legagneur,^® Winzer’s camphorylraalonic ester (XXVI) 
on roducl.ioQ and hydi'olysis gives hydrocamphorylacetic acid 
(XLXVII) the lead salt of the latter furnishing horaocamphor 
in the usual way. 


C=C (C02l2t)2 

/\ 
c.a„ o 
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(XXVI) 


HgC-CH-CHa • CHg * COaH 
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rf-j8-Homocamphor (XXXI) has been prepared by Salmon 
Legagnenr starting from camphoric acid semialdehyde. The 
methyl ester of this condenses with zinc and bromoacetic ester 
to give the unsaturated ester (XXIX). The free acid when 
reduced in presence-of platinum oxide by Adam’s method, 
yields a-carboxycamphocean-j8-propionic acid (XXX) the lead 
salt of which gives jS-homocamphor, 

CHa-CMe—CHa 

CMea CHg 

I 1 

CHg-CH-CO 

(XXXI) 

The same author has also converted the above jS-homoeamphor 
by an interesting series of degradation reactions to l-ejfi- 
camphor.*'^ 

Komppa and Hasselstrom have described the preparation 
of a number of hydrocarbons like fenehane, upocamphane, 
/3-apofenchane, santenane from the hydrazones of corresponding 
ketones by treating them with sodium and alcohol. Nametkin 
has published a series of papers during the last 10 years on 
the homologues of camphor. It is but to be expected that 
opocamphor (a-fenchocamphorone) should lead to as many 
interesting derivatives as camphor itself but unfortunately 
not much work seems to have been done on this compound. 
This might be attributed in a way to the difficulty with which 
this compound is obtained. 

Degradation Products. 

In the carane, thujane, and pinane series many important 
degradation products remain yet to be synthesized and their 
constitution definitely ascertained. In the fenehane and 
camphane series the case is altogether different due possibly 
to the ease of 5-meml)ered ring formation compared with that 
of 3- and 4-membered rings. It must be recognized that altliough 
the synthetic work in degradation products has ceased to be 
spectacular during the last decade, it has nevertheless been 
steady and continuous. It is very encouraging to note, however, 
that the syntheses of degradation products in the fenehane 
series has of late received great attention. 

The brilliant synthesis of camphenic acid, an interesting 
oxidation product of camphene, by Lipp furnished at once 
a method for introducing a lengthened side chain in the cych- 
pentane ring, and this method has been adopted with success 
for the synthesis of norcamphor by Komppa,“ fenchone by 
Ruzioka,” homosantenio acid by Sen Gupta,and homoflspo- 
fenchocamphoric acid by Bardhan et Lipp condensed 

ethyl cyclopentanone-3-carboxylate (XXXII) with zinc and 


^CH=CH . CO 2 H 


/CH2-CH2-CO2H 


CsHu 
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<.C02H 
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C02H 
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a-bromO'i«obutyric ester, the resulting hydroxy ester (XXXHI) 
on dehydration and subsequent reduction yielding camphenic 
acid (XXXIV) 


HgC—CO 

i: 


IH 2 


HgC—CH • C02Et £[ 2 ^*^—OH—^02Et 
(XXXII) (XXXIII) 


H29—C(OH)CMe8 . C02Et HgC—CH—CMe2. CO2H 

CHg ina 

H20-<iH—CO 2 H 
(XXXIV) 


Bardhan, Banerji and Bose’s synthesis of homoapofencho-cam- 
phoric acid ** is significant in view of the fact that they had to 
synthesize the appropriate cyctopentane ester (XXXVIII) for 
the first time. 

The ester (XXXV) obtained from ethyl aa-dimethylglutarate 
and ethyl oxalate on condensation with ethylbromoacetate and 
subsequent hydrolysis and elimination of CO 2 yielded )S-methyl 
pentane-^-S-e-tricarboxylic acid, the ethyl ester (XXXVl) 
of which on cyclization furnished (XXXVIl) from which 
(XXXVIII) was obtained. The hydroxy ester (XXXIX) 
prepared from the ketonic ester by Reformatsky’s reaction gave 
on dehydration and subsequent reduction the saturated ester 
from which homoapofenchocamphoric acid (XL) was obtained 
by hydrolysis. 

COgEt. CMeg . CH2 . CH(C02Et)2 
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C02Et. CMe2 . CHg . CH(C02Et). CHg . COaEt 
(XXXVI) 


CH2~CH . C02Et 
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CMea—CO 
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CHg-^^H.COgH 

\cH2 

CMeg—. CHg . COgH 
(XL) 


/CHa 

CMeg— 6 ( 0 H) . OH2. COgEt 
(XXXIX) 


opoFenchocamphoric acid (XLII) obtained by oxidizing 
jS-fenchocamphorone (XLI) has been synthesized by Short.® 
Ethyl diso(fiopropane-aaVy'-tetracarboxylate was condensed 
with isobutylene dibromide to give the ring tetra-ester (XLIII) 
from which the acid (XLII) was obtained. The reaction is 
rather anomalous when one considers the experiments of 
Ipatjew® with taobutylenedfibromide. Further, experiments 
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in this laboratory have shown that ethylene dibromide does not 
condense with ethyl disodiopropane-aoc'yy'-tetracarboxylate to 
furnish the corresponding ring tetra-ester. 


MeaC-CH ■ CO2H 

CH 2 

H 2 C-iH-C02H 

(XLII) 


Me2C-CH-CH2 

CHa 

HaC—in—CO 
(XLI) 


(COaEtlaC-CMea 

(COaEfclaC CH2 
(XLIH) 


Amongst some of the important degradation products 
in the compounds of the fenchane series awaiting synthesis, 
may be mentioned (1) isofenchocamphoric acid (XLIV) obtained 
by oxidizing S-fenohene (XLV), (2) isofencihone (XLVI), (3) 
a-fencholenic acid (XLVII a or 6), and (4) j8-fencholenic acid 
(XLVIII). 


HOgC ■ CH-CMea 

CHj_ 

HOaO-CM^CHa 

(XLIV) 


HC-CH-CMog 

I I 

i ^’^2 

HC-cImo—CH a 

(XLV) 


HgC-CH-CMea 



OC-CMp—CH a 


(XLVI) 


H3C-CH • CMea • COaH 

k 

HaC—(S mc 
(XLVII a) 


HaC-CH-CMea COaH 

I 

CH 

I! 

HaC-CMe 

(XLVII 6) 


HaC-C=:CMe2 

CHa 

HaC-CMe-COaH 

(XLVIII) 


The difficult problem of elucidating the constitution of 
Balbiano’s acid has been resolved by Bardhan’s synthesis of the 
acid.^* 

Balbiano®* had assigned to tliis acid an oxide ring formula 
(XLIX) While Mahla and Tieraann*-*® preferred the formula (L) 


/CH.CO 2 H 

/ I 

O CMea 

\(jMe. CO 2 H 
(XLIX) 


CO.CO2H 

ciMea 

JnMe.COaH 

(L) 


Kon, Stevenson and Thorpe considered the liquid or dissolved 
acid to be an equilibrium mixture of the tautomeric forms (LI) 
and (LII), proof for the keto-structure being now available 
through Bardhan’s work. 
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CO.COgH 

I 

CMe2 

1 

CHMe. COgH 
(LI) 


C(OH). COgH 

CMeT^ 

CHMe—CO 
(LID 


CMeg. CO. CHg 

CHMe.COgH 

(LIII) 


The synthesis of ajS/S-trisubstituted ketoglutaric acids such 
as (LIII) is beset with difficulties, and in the present case, Bardhan 
achieved his synthesis by oxidizing the acetyl group of 
ajSjS-trimethyl Isevulic acid to -CO-COOH group. ajSjS-Trimethyl- 
Isevulic acid was synthesized for the first time and its consti¬ 
tution x^roved beyond doubt. Bardhan ** has a’so suggested a 
scheme by which Balbiano’s acid is derived from camphoric acid. 

A new and novel synthesis of camphoric acid is recorded by 
Toivonen.^^ By the action of sodium malonic ester on 
aa'-dibromo-jSjS-dimethyl glutaric ester, compound (LIV) or 
(LV) is obtained. 



COgK 

c!-CH.CO2R 




X 

CMcg 

1 

1 

\ 

C-( 

JO 

CH—C 


CO 2 R 

.C=-c. CO2R 


! 

CO 2 R 

(LIV) 


\ 

COgR 

(LV) 


Probably it is (LV) for on mothylation with Na and CHgl, 
it gives the ester (LVI) which has been converted to eamphorio 
acid by the following series of reactions : — 


^C(002R)=xC.C02R 

MegC 

\c(CH3 )-CO 

COgR 

(LVI) 


5 -Hydroxycamphoric acid + 





McaC 

\ 

/ 


CH(C02R)—CH-COgR 
C. (COoR)--CO 


CHg I Heating in 
glycerol 

I —CO2 

Roduction CH(C02R)—CHg 

- MegC< I 

Hydrolysis C-CO 


6 -Bromocamphoric acid 


CHg COgR 
di-Camphoric acid. 


A change related to the Wagner rearrangement but present¬ 
ing certain peculiarities is imdergone by camphorquhioiie (IX) 
in the presence of sulphuric acid.^® The product is a ketonio 
acid (LVII) in the formation of which one of the c;^cZopentane 
rings has been broken and the other enlarged. A synthesis 
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of this kctonio acid would serve as a confirmatory evidence for 
the mechanism postulated and as such would be of considerable 
importance. 



OX) 


Although the constitution of a-campholytic acid (LVIIl) 
has been confirmed by the synthesis of Perkin and Thorpe* 
and its remarkable transformation to iwlauronolic acid (LIX) 
is well known,the isomeric laurolenic acid (LX) does not. a})pear 
to have been synthesized. 



HsC- 

—Cilco 

HoC- 

-CMc.CO^H 

CMcw 


j 

CMc 



1 

HgC-CH.rOaH 

HsC.'- 

|; 

—C.(.'02H 

HoC- 

-('■.CH;! 

<LVIT 1 ) 


(TJX) 


(LX) 


All the known methods of preparation of tins compound involve 
a Wagner I'carrangement; but its proportie.s and degradation 
products point to the formula (LX) ]>roposed by La]>worth.'^* 

Tricyclic Terpenes. 

An inspection of the camphor space model reveals that 
the carbon atoms 2 and fi are brought together so near in the 
molecule that the formation of a tricyclic ring with a bond 
connecting the above carbon atoms would be possible, without 
involving any great strain in the molecule. In fact, such 



tri(^ 5 "clic compounds are formed without difficulty by the abstrac¬ 
tion of halogen®*® from suitable dihalogenidcs, by the dehydra¬ 
tion®*'^ of certain alcohols of the camphane and fenchane series, 
and also by the breaking up of the cliazo compoimds®*® of the 
camphane series. 

Tricyclene CioHie (LXI) which can be regarded as the 
parent member of this series of compounds does not occur 
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in nature. However, the santalenes (sesquiterpenes) and the 
eantalols, which are the constituents of the East Indian sandal¬ 
wood oil contain the tricyclene ring system in their molecules. 
Further, teresantalic acid (LXIT) occurring in sandalwood oil 




H^C— CH—CHs 



(lxi) 


(uxll) 


had been converted by Semmler^^ to a hydrotiai bon shown by 
Jtuzicka and Stollto be identical with tricyclene. These! 
(!Om|>ounds arc stable to permanganate, but rearrange themselves 
to compoimds of the camjdiaiK' type when acted on by halogeix 
acids. 

Tricycileiie is most easily obtained by oxidi/ang cain])Iior- 
hylrazone with HgO,®* a.nd its most important proper!j’ sciems 
to be this; (tn reduction by Sabatier-Senderen’s process with 
nickel catalyst, at l8()-200‘' it passes oven- smoothly into 
'"||•.ll^phano (LXill) with the intermediate formation of cam- 
phene (TTI).'’^ Zelinsky and Lewina'*'^’ record tlu! formation of 
• ainnlmne (LXIV) when it is passed over ]»latinum black at 
I.VV-IOO'’. 


h 2 t-CMe-CH 2 

! 1 

^CCH j 

HC"^ |-^CH 

CHMe 

H2C -P^CH 

CMe2 I 
j 1 

CMea 

j 

CMe2 

H2C -C:h — CHs 

HzC -CH- CH2 

1 

H2C CH—CHj 

(lx Iv) 

(L.XI) 

(LXill) 


n.pcAIyciene (LXV), r//r./otenchene (LXVl), and epicyclenc 
(LXVIT) are other imjmrtant nieinbers of this group, the last 


CM 

C(CH,) 

CH 

HC“ — -^CH 

1 




HC - CH 

■ CM22 

, I 

CH2 

CMe2 

H:C — --ciH —CH 2 

1 1 

Me2C - CH — CHj 

1 

HjC - CMe-CHz 

(lxv) 

(LXVl) CH 

cm— 

(lxvii) 


CMej 

o:—ka-CH, 
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being obtained by treating the bydrazone of 3 : 5-cyc/ocampha- 
none (LXVIII) with sodium al(5oholato.®® 

Mechanism of the Wagner Rearrangement.^'^ 

The cases of Wagnoi’ rearrangement luiown an? very 
numerous and the publications dealing with the mechanism 
of tne change?, for which Meerwein is mainly responsible, have 
received very careful attention of chemists. No one theory 
has bo(?n found to satisfy all the requirements and peculiarities 
of th(? {?hange. 

The int(?rmediat e ryc/opro 2 )ane I’ing-formation theory which 
is upheld notably by Ruzicka®® does not, seem to bo supported 
by a, largo number of facts, and definite eviden(?c has been 
brought against such a theory by the worlv of Meerwein.®* A 
seconfl liyjtothesis has been ])roduced in several forms involving 
})artial valencies (Robinson®®), fre(? va1(?Jicies (Tiffenenu'‘®), or 
ions (M(?(?iwein ami Wortmnnn*’) and if one takes into (*onsider- 
ation as Ingold says, ‘ that the ])rodiiction of free valencies 
and ions may b<* merely different manifestations of tlu* same 
structural condition, this condition depending on a '|)e(?uliar 
distribution of residual affinities these diflenait view's are 
not so antagonistic to each other as they might, app(?ar. In 
Prof. Ingold’s w'ords ‘ It therefore seems ])ossible that, although 
in the great majorit\ of cas(‘s the mutual atti-action of tla* tw'O 
parts of the molecule ultimately eliminated may cause an altered 
distribution of affinity and the consequent migiation of a group, 
th(?re may be sjiecial st<]'U(?t,urcs in which the natural distribution 
of affinity (ajrait from any tendency towa,rds an elimination) 
is such as to loosen one of the attaclu'd groups, and give rise 
under suitable conditions to isomeric change dejiendent on the 
formation of a free valency or ion 

Cases are knomi wlierc the Wagner change may occur 
without any elimination and where there is little {?han(‘o of water 
b'ing added anfl subsequently r(?movi?d. In tln'.se instances, 
indeiK‘nd(*nt evidence is not wanting, for the possibility of 
ionization is facilitatcal by the use of a dissociating solvent. 
These facts certainly iioint to the ionic hyjiothesis. 

As mat'ers stand, the Robinson theory has been given an 
electronic int(?ri)retation and Ijapworth’s develoimient which 
takes into account the directing influence of ions in solution 
seems to affoi’d a quite satisfactory exjfianation of the change. 

The Kametkin Rearrangem.ent. 

Although it is usual to assume interaction <?xclusively 
between carbon atoms in iiositions 2 and 0 during tlie Wagner 
rearrangement, it is now shown by the recent Work of Nametkin 
and Brussowa,*® and Nametkin, Kitschin, and Kursanoff*® (and 
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independently confirmed by later work of Bi'edt,^^ Bredt-Saveln- 
l>erg and Bucldiremer tlint this is ])reeedcd in certain cases 
by a pinac'oline n'arrangcTnenl without ring-isomerizalioii. For 
instance, Nametkin 'and Bnissowa, find that a-tnethylcaniphene 
(LXIX) is hydrah'd to a methvl/wboi'iieol which is not the 
0-mcthy]-com])ound (IjXX) as exi)ected l)y a AVagnor reai-range- 
inent but tli(‘ d-methyl compound (LXXl). The laltc'c on 
dehydration furnishes /^-nu'tbylcamphene (LXXll) along with 
7.- methylcaiuphene. 


HaO—CH- 
('H*. 


t'At.v 


HaC—CHo 
(LXIX) 


Hy( —CU - (Ho 
ClTo 

McTlC-i'Me—CHOH 
(LXX) 


HoC—(’Me—('Ho-HoO 

I 

(.’Meg 


HoO 


Hoi'—('Me—( TTHH 
(LXXll 


KoC- ( Me—CM. 2 

CRo 

TToC -Cl{--<'r=cH2 
(t-XXJJ) 


'i’h(‘ e\)>laual i(ui ohVrc(l i.s tliat 'even as d<di\drat inn of 
d d-diuKithylcy/c/ohexaiiol can take place changi'of ring 

^(fU''turc but is then acc()it)])aih(‘d by (he w.inileriiig ol a methyl 
gtoiip (AI(‘crWeiii), so tile r<ne!‘s(‘ ]>i'()e(‘''.s also c.in take [ilaee 


iioC -- ( ‘TIo ■— ( 'ITo l'-i)lllel i/,,(.ieii 
with.iiit 


H.a' —('Ho — ('Hj t'lii'i'-iihe 

eluuiu'. 


1 



piiiuenlie 

! 

TTo(' - 

C 

CMeo L'liail'.'e 

Hy''--( '1 




-O. HoC -CHo 

-('Ho 




Ho('- l 'Me = 

-CM' 

Thus 

X- 

m('lhylca,mphenc is 

h\dra1 

w ay ; 

— 




HoC 

(!H- 

- ( 

'Me2 

IL' 


LHo 




' 1 

Ho( '— C' Ml' 

-( 

' - (-'Ho 

HjC 


\vi1 luiiit 
l-i imel 1/ itl. 'll 


CIL, 


cHon 


HoC- J— C'Me 

I 

-- (’Ho 

HoC—('Me-CMeo 

111 the case of /3-methylcami»hene (LXXll) there is no need tor 
the pinaeolie chang-i due to the presence of a -FH-group adjacent 
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to the C^CHg. The intermediate camphone hydrate is formed 
by the simple addition of water at the double bond. 


H2a-OMe~CMe2 

I 

(iHg 

HgO-in—c-CHg 
(LXXII) 


HgO 

- 


H2O~0Me»-CMe2 

i 

CHa 

H2O—in—CMeOH 


> 


HoC-(Me—CMej 


CH 2 



CHOH 

It itiight be assumed tliat in the ease of earn phene botli 
])rol•ess(^s would lead to the satne final product, but Houben 
and Pfankueh^** ha.v<; indicated the converse. Actually, the 
eampheiK's obtained from, say, /wlmnu'ol according to the tAVo 
processes would ])e the mirror images of each other, oairig 
to the tw'o rings not being in flu* same plane. Also, different 
])roduets are to be oxjaicted according as the nudhyl and hydro.vyl 
group whi'-li are interchanged are eta or irans to on<‘ another, 
with changes in the sign of rotation. TTouben has illustrated 
this aspect. l)y a mnnbo)' of invesrigation.s."' 


Physiological Action of Camphor ComponadsA^ 

The medicinal uses of eaniplior is due to it s exercising a st imula¬ 
tive action (followed later by a. .sedatix'e action) alike on the heart 
and the skin. As I'egards the comparative activity of tlu^ 
various stereoisouK'ric; forms of eam])lior. the lacm form is most 
active, and the synthetic vari(‘.tv has a. more toxic action on the 
lu'art than the dexiroAorm*'^ Further, the larva form is tlu' 
st ronger ant ht'hui nt ic 

I’he great practical obstacle t o the use of cam])hor in medicine 
is the fact that it is insoluble in water and is therefore uncertain 
of absorption. 

Attem]>ts to correlate the chemical constitution of the 
various camphor analogues and derivatiAn's with their ])hysio- 
logieal activities have proved quit(^ unavailing, although mucli 
interesting information has been disclosed. 

iSiegl**^ finds that of the three (compounds ])inocamphone 
(TjXXIU), verbanone (LXXIV), and camphor (LXXV), pino- 
camphone is much more? poisonous than camphor e,specially 
with regard to its action on heart. Verbanone lies between 
camphor and pinocamphone in its activity. 
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CO-CHMe—(JTI 


CH..—GO CH 


(JHa—CMe—GO 


GHa—OH—GHg 
(LXXVl 


(JM02 I I MeaC CM02 I 

GHa—CH-GHa CMeH—GH—CHg GHa—OH—GHg 

(LXXIII) (LXXIV) (LXXVl 

GH.^CH—CMe., 

I 

GHo 

GHo- GH -GO 

(VII) 

Cainphoniloive (VIT) resemblos camphor in its activity. 
The convt'T’sion of camphor into such derivatives as amino- 
camphor, dihydrocaniplwaiehydrazine, and dioarnplienepyrazine 
consideratdy raises the toxicity and paralytic activity. Bromo- 
nitro(!ainplior, camphoi'(|uinon(‘, and methyldicarnphoryl carhinol 
an* rnon* paralyzing than the parent Htil)stance. Stra.ngely 
enough, f'p/camphor possesses very little of the activity of 
camphor. 

The most interesting group of camphor derivatives are 
the hydroxy comf)ounds, ])nt they again d(dy all attemi>ts at 
a correlation between physiologhial activity and (dunjiical 
.structure. Hydroxy camphor (LXXVf) is as active as camphor 
but when the liydroxyl and carbonyl groujis are ijiterchanged 
as in the compound campherol (LXXVdL) the activity disappears. 


U^G—GMe CO 


HaG—CMo—GHOIT 


lia^-GH- GHOH 
(LXXVI) 


Hati—GIT-GO 

(LXXVII) 


yeDikeiocamphor (LXXVlll) re.sembles canijihor in its 
activity, this being maintained when one of tins kt>to-groups is 
redma'd to the earbinol as in (LXXf.X); but when both grou])s 
are reduced to the iiarbinol as in p-dibydroxycamphor (LXXX) 
the activity disappears. 

GH.,—CMe~CO GH.j -G.Vlo -(tO C-M.—GHOIl 

I ‘ I ! I “I 

! CMc 2 GM02 (Meg 

' I i I I 

CO—GH—CHg HOHG-GH—(tHo HOHC-CH—CHg 

(bXXVIII) (LXXlX) (LXXX) 

These results, together with a consideration of the modern 
camphor substitutes in which no logical relation in hemictal 
strucrure can be traced, show that at present it is useless to 
apttempt a correlation between chemical structure of these 
compounds and their physiological activity. 

9 
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Santane Series. 

Knowledge of tlie santane series is recent. The members 
form a class by themselves containing as they do nine (iarbon 
atoms in the molecule and not ten as is the case with all other 
bicyclic terpencs. Its occuiTence in nature has been adduced 
as an exce])tion to the isoprene unit theory of the structure of 
terpencs by Mitter * (cf. Simonsen’s comment in his book ‘ The 
Terpencs’, Vol. 11, p. 3). The phenomenon of Wagner re¬ 
arrangement so well known among members of the ]>inane and 
camphanc series is also manifested 1 )^' some members of this 
grouj), the formation of santene from caraphenilom^ by 
Hintikl<a and Korappa* being a typical example. Only three 
members of the santane series have till now been recognized 
in natiu’e, namely santene, santenol and Z-santenone. Santene 
C 0 H 14 (I) is a bicj'clic hydrocarbon isolated for the first time 
b^^ Muller® from the East Indian Sandalwood oil and discovered 
later on by Aschan^ as a constituent of the ill-smelling oil in 
pine no(idle and other essential oils. The synthesis of this 
substance has been achieved and is mentioned in the sequel. 


IToC—CH—O.CH3 HaC-CMe—CHOH 


HaC—CMo—CO 


CHa I 

H-aC—CH—C.CH3 

(I) 


CHMo 


HaC -CH—(^Ha 

(II) 


CRMe 

i 

TlaC—CH— 
(HI) 


The presence of santenol C^HigO (Tl) a bic 3 ^clic secondary 
alcohol and santonone C 0 H 14 O (III) both resembling (lamphor 
in odour® was discovered in the East' Indian Sandalwood oil 
in 1910® named ‘ santenone alcohol’ and their constitution 
established from a study of their oxidation prorhicts. When 
oxidized with chromic acid santenol 3 'ields sant enonc. Komp])a * 
sjmthesizod santenic acid and wosantenic arid (Ilia) starting 
from | 8 -monomethyl glutaric ester by his well-known method 
of synthesizing camphoric acid. Sen Gupta’ in the course of 
his work on the synthesis of santenonc, has described a synthesis 
of horaosantenic acid (1116) 


HgC—CMe—COgH 
CHMf 

I 

HgC—CH—CO2H 
(nio) 


HgC--MeC^-COaH 

AhMo 

HgC-OH—CHg. OO2H 

( 1116 ) 


Although several isomeric santenols are described, not much 
of systematic work appears to have been done towards establish¬ 
ing their inter-relationship. No optically active santenol 
occurring in nature or prepared artificially appear to have been 
described, though possible theoretically, the slight activity of 
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the Haiitenoi prejiared froai santeno being ascribed to the ])reseiice 
of impurities. Santenoiu' giv^es with potassium permanganate 
the monocyeli(! dibasic santcnic acid, and formation of hjalroxy- 
methylene and benzyiidene derivatives point,s to the presence 
of a CHo group ailjacsent to the carbonyl gt-oup. Fui’thermore, 
the synthesis of this substance, although by an indirect metliod, 
i.e., by the oxidation of santene, confirms t,he structure IIT. 
The (flose cheniuial and structural relationship of this substancai 
witli camphor (ialls for a fuller and detaib^d investigation of 
the niactions of santenone which perhaps will not be jiossible 
until a good source of this is discovered either in nature, or 
cntil it can be prepared in good yield artificially. Aschari*’ 
has recently pre[)ared two oximes and two semicarbazones fj’om 
the f;rude santtnone and regards them a,s stereo-isomerides. 
Senunler and liarteh ® ])repared th(; inactiv^e form of santenone 
bv oxidation of 7j--norl)orneol with chromic acid and calbnl 
the firodnct n^-norcamphor. Later xVscihaii prej)ar(!d this 
Itv oxidizing santene with chromic acid. 

A few iso/neric sant(MT.ols, santi^nc h^^drate, Lsantenone, 
santane, santene glycol, santcnic acid, etc., have btsen pret)ared. 
Senunler ajul Bartclt® prepared TT-norborneol (ni.p. 0H--7O’) 
from tcresentalic aend and 7 r-nor<.s-oborneol (m.]). 91-1)2") from 
santenone; Rornppa^^ projjared 7r-norwoborneol (m.j). 97-9S''') 
In the hydration of santene according tf) the Bert ram-Walbaum 
nu t,hod. To the very difficultly oxidisable santene hydi’ate 
(IV'^). Aschan (Simonsen, ‘The Terpenes’, Vol. 11, p. 21(>) has 
suggested the name /8-santcnol and prepaied it by treating 
Siuitcne with milk of lime. Diels and wilder have pre[)ared an 
isomerk; hydrate (?) from 6-mothylnorcamphor with magnesium 
methyl iodide and nanu'd it y-santenol; thc^' ha\'c sliowii that 
and y-santcnols are eis- /m/^s•-isolnerides. 

CHg—UH-CIIMf* 

OHa 

C’Ha-CH—CHMc 
(V) 

CHo- C.Me— C'0.>H 

i 

CHMi' 

CHo—CH—COgH 
(VII) 

Santane (V), the saturated liquid parent hydrocarbon of 
this series, has l)een prepared by Deussen by reducing santene 



0 H 3 


/ 

-OK —1 

i; 

1 

c;h 2 

^OH 


CHij-CH -CHCH, 
(IV) 

CH, 

CH 2 -CH—c 
(:H2 

vUi -OH—6<; 

(VI) 


/ 

'\OH 
(JHg 

OH 
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witli hydrogen in presence of palladium catalyst. Semmler and 
Bartelt prepai’ed santene glycol (VI) hy oxidizing santene with 
KMnO^. Aschan^® and Komppa and Hintikka^* obtained san- 
teni(* acid (Vll) by the oxidation of santenol with alkaline potas¬ 
sium permanganate. The existenct; of a number of isomeric- 
santenols foretells the presence of a number of isomeric; santeiiic; 
acids. Enkvist has already provcid the existence of geometrica 1 
i.somerism in sanlonic acids. 

Of the varicms methods employed for the ])reparation of 
santene, two involve Wagner rearrangement.. Hintikka and 
Komp]>a^® synthesized it from camj)henilone (VTll) via, eam- 
phenilol (IX) and camphenilyl chloride (X) ; the latler gave 
santene on removal of KOI, although it was originally T-egarded 
by the authors themselves as camphenilene (Xa). Mec-rweiiO^ 
suggested its identity with santene on the ground of (Xa) con¬ 
travening Bredt's law, ])roved subsequently to be correcd by 
Komppa and Kintika.^* 


CHa—OH—CMc'a 

("Ha-CH—C 

IMpo 

t;H2—CH—CMoo 

1 j 

CH., 

, c'h. I 

PCI5 
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Ruzieka and Liebls’ metliod is as follows: Fenchyl alcohol 
(XI) on dehydration gives a- and j8-fenchenes (XI la, XII/>) 
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whicli oji ozoiiolyyis yield the eon’esj)oii{Iing a- and j8-feiicho- 
cainphorones (Xlllo, XI116). These on reduction give a- and 
j8-fcnchocamj)horols (XTVu, XIV6) which on dehydration 
a.cctnnj)anied by Wagner rearrangement yield santeiu'. 

Diels and Alder were the first to achieve a din'ct synthesis 
of saniene from raethylnoreamphor (XV) as follows : 


CHir-€H-CO .(J 

1 

MgMel 

t!H2 

1 

-^ 

OH. CH—t 

'll Mo -C 

(XV) 



'CHs 


- H .,0 


—>r (sniitoiic). 


More recently Mohunta and Kay have achi eved another 
dii-eet synthesis of saiitene glycol starting from dic'thyl diacetyl- 
adi|>at(' as follows : 

()Nn((’ 02 Et). COCHa CH«- ('H . (X)('H-i 

AlHg 


CH.7I0 


CHo 


-VT 


' CHo—cm . COCH;, 


(saiiteiii' 

glycol) 


, Hydro], -C()-^ 

C'Tf^-C'NH(U)yEi). COCH3 

Woi k on the synthesis of sant ene glycol ami santeiu^ ]»lanned 
exactly according to the al)ove sehcjne was in progress in our 
Jal)(irat(ayand was abaaidoned when Mohunta and Hoy’s 
]>a])er came to our notice in Octola'i’. 1934. 

The interesting bi(!yclic diketom' (XVI) has l>een ol)tained 
by (luha and Kanganathan**^ starting from ryr/'opentii.ne 
1 :3-di(arboxylic acid via the anhydride, acid ester, acid 
chloride' ester, and ketone ester, tlu' ketonic acid corres])onding 
to the hist ester being idtuitical with Semmler and llartclt's 
ketonic acid obtained from santene. 


Tfgt’-CH ('() 

I I 

(’H., CH.. 

^ “ 1 “ 

(XVJ) 

Work on the synthesis of compounds of this group is umh'r 
progress in this laboratory by the condensation of suitable 
dihalogeu comyiounds, e.g. syrn-dimethyl ethyJenebromide on 
th(' Xa-derivative of r/yr/o]>cntanone-2 :5-dicarboxylic ester 
(ef. (luha and Seshadriengar. Current Acieure, 1984, 3, 21). 


PiNANE Series. 

Botli from theoretical and practical ])oint of view, the 
position of pinene and its derivatives in the chemistry of the 
terpenes is unique. The wide distribution in nature of these 
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bioyclio liydrocarbons containing a c/yc/olnitane ring is o})viouH]y 
not in conformity with expectation, since according to theory 
and ex])orience the four-memhered carl)on rings arc the most 
difficult to constnictd though the advent of the valency deflection 
hypothesis has shown that tlie grcm-diniethyl groii]», which is 
invariably present in the n/r7obutane ring in the naturally 
occurring com})Ounds. stabilises and also facilitat('s 1h(“ easy 
formation of the ring.^ The whole group of (*om])ounfls of the 
]»inane serii's can be sui)posed to be derived fj'om th(“ hyi)othetical 
mother com]munds ‘ nor])inane ( 1 ), [l}icydo-{\ : 1 : ll)-heptane] 
and ‘ nopinaiK^ ’ (11)® [7:7 or (>: fi-dimel,hyl///ciyrfo-(l : 1 : 3)- 
heptane], none of wdiich has been obtained synthetically as yet. 
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'^CMe^ I 
CHi 1 ^.CH2 
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( 111 ) 


■CMez I 
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(IV) 


CH, 


.CHz 


CH-j 
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I 

CH2 I ^CH 
^CH 

(V) 


Xaiiirnl 11 ydromrhoihs and ot/irr fitibsiavcrs obtamed Arlificiolly. 

d-Pinene (111), is the most imjiortant of all the ter]«‘nes 
and most widely- distributed in nature, as evident from its 
CK-curring in 374 oils'' according to the last count in 1931. Very 
closely related to this, is the structural isomer ^-piveiie (IV), 
which also occurs in the majority of oils accompanying a-])inene, 
and the relation between tiu* two has been establisluMl by the 
conveision of )S-pinene into a-])inene.^ the rexerse change 
remaining uneffectcd yet. The constitution of tlu'se compounds 
has been settled by the bi illiant researches of Wagner, Baeyei', 
Sernmler, and Tiemann. 8-Pittet)c (V), though not. occurring in 
nature, has been jirepared by the <lecomj)Osition of (i) triim'thyl- 
pinocamjihylamine hydiochloride," (ii) the xanthates of 
v<‘rbanoF ^ and pinocampheol.® and (iii) by exhaustive' methy- 
lation of veibanyiamine."* Anotlu'r hydrocarbon of some 
interest obtained only artiticially by the dohydratioji of verbenol 
is rerbaiu wr which e.xhibits t he proi>ert ies of a conjugated system 
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of two doxible bonds, gives on redu(“tion «li}iydroverb<,‘nene wliicdi 
lias got. a pinene like odonr and is oxidized to ras-norjiinic aeid. 
iSinee tliefomnda of Bhnnaiin and Zc'itscliel(V'l) for vorbiaiene 
is not in eonformiiy with Bredt's nil(^ and eamiot explain the 
proilnetion of norjiinii- aidd, Rnzieka and Boutalti ^ have suggested 
the stnieture (Vil) for it. According to Ruzicka’s formula, 
dihydroverbi'iiene should be a-pineiu' or a stereoisomer, and this 
requires eonfinna t ion. 

Pinnne (VITT), th<; completely reduced member of this 
series, though not found in nature, has be.en obtaiiu'd by (i) 
cntal^'tic hydrogenation of a- and )3-])ineneH,^^ (ii) by the redue- 
t'on of tJie hydrazojK' and semicarbazone of pinocanqihone by 
Kishner’s jirocess and (iii) by th(> action of sodium ethylate 
oil vmbanone hydrazone.''’ Lipp’^ has clearly shiwnthat tw’o 
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CM 


fonn< of pinanc (cin and trans) exist (though no account of the 
concersion of each into the other is given) vchicli is in accordance 
veith the rec|uirements of theory. Nametkin showta] the pinanc 
ohlaiiK'd by reduction of pineiu', to la* dift’en'Ut irom that derived 
f'om jiinocanqihone, and hence called t lie latti'r ])iuo(‘am])hane. 
Lipj) lias thunoustrated the reniarkabk' stiibility of pinanc to 
oxidizing agents and mineral acids. 

Hu]>e iind fleritier^® obtaincti a. series of hotnolotjiies t'f 
pinene of tyue (IX), wlu're R is nudhyl, jiropyl, ])henyl, benzyl, 
I>henylcthyl. ]>henvlpropyl, ]ihenylcthy](“nyl, ami myrtenvl, by 
treating myrtenvl bromidi; (X) with MgRI. Myrtenyl bromide 
with nnignesium gave dimyrle.)u/l fXT). 

'IVo isomeric uuithylpinenes. cndoi'nelie. tncihy]pinene (XIT) 
and sentirj/dic nieilujlpinene (Xlll) h:iv(i beiai obtained by 
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■IlC I ^ CH HjC I ^CHj H2C j ^CHj H^c | CHO HjC ] ^COjS 
^ch'' ^CM ^CH ^CH ^CH 

(XII) (Xlll) (xm) (xvi) (xvii) 
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Hasselstrom by the dehydration of methyljiinof iin(»h(!ol 
(XIV) w'ith hydrogen potassium sulphate fieri v'ed from pino- 
camphone by means of maguesium methyl iodide. The cons¬ 
titution of the two Of impounds was estahlished by ozonization, 
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whereby Xlll gave pinocamplione, while (XII) gave a mixture 
of the ketone aldehyde (XVI) and the ketonic aeid (XVII). 

By the dehydration of methylverbanol (XIX) an isomeric* 
hydroearbon ‘ homopinene ’ or ‘ homoverbanciie ’ has been 
obtained by Wienhaus and Hchumm which can be represented 



(XIX) (XX) (XXI) (XXII) 


by (XX) or (XXI), the other possible structure (XXII) violating 
Bredt’s rule. Oxidation of this will decide between the two 
structures. 

The last important hydrocarbon of this sericvS is ‘ a,popinene ’ 
(A*-nopinane) (XXIII) obtained by Komppa andHasselstrom,^® 
by the dehydration of c'ither of the two stereoisomerie nopinols. 
The constitution of the hydrocarbon was settled by ozonizing 
it to the dialdehyde of pinic acid XXIV and the aldehydo-acids 
XXV and XXVI, the last two giving norpinic acid on further 
oxidation. 


.CM 

hC"^ ^CH 

I 

HjC I ^CH2 


'CH 

(XXIIl) 


^CHO 
CH CHO 



(xxiv) 


^CHO 



(xxv) 


/CO 2 H 
CH CHO 

I I 

H 2 C 1 
(x Xiv) 


Alcohols. 

Of the alcohols, pinocampheol is of interest in that there 
are two isomers known (natural. ?-varicty, m.p. 67-68'^; syn¬ 
thetic Z-variety, m.]). 56-57 ') as is expected from theory, though 
the stereoisomerism has not been thoroughly studied and the 
xanthate of this, similarly as tliat of verl)anol, gives on decom¬ 
position a mixture of a- and 8-pinenes.® Dupont, Zacharewkfs, 
and Dulou have very recently ol>tained myrtenol (XXVII) by 
oxidizing a-pinene with .selenium dioxide. Either myrtenol 
or myrtenal (XXXI) by catalytic hydrogenation gives iso- 
myrtanol (XX VI IT) whereas, the stereoisomerie myrtanol can 
be obtained by reducing tn^Ttenol with sodium. That the 
former is the cis and the latter the trans isomer has been supported 
by the study of the Raman sj^ectra of these compounds. 

Methylnopinol (XXIX) is obtained in two forms (i)^^ by 
the oxidation of pinane with permanganate (m.p. 79®) and 
(ii)*^ by the action of magnesium methyl iodide on nopinone 
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(XXVIll) 


{ni.]). 58*59°). The latter could not be dehydrated tola pinene by 
WalJach. Similarly nopinone on reduction gives two noiyimh 
(XXX) (the a- being a solid and the )3- a liquid), the configura¬ 
tions of which have not been thoroughly studied. 
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Aldehydes. 

MyrUval (XXXI), the only aldcliydc of (his series known 
to occur in nature, has also becui obtained l)y oxidation of the 
corresponding alcohol myrtenol (XXVIl) and Iroiu 

a-pinene by oxidation witli s<deniuin {lioxide.^” By catalytic- 
hydrogenation, myrtcnal giv^es dihydromyrU uni or myriaunl 
(XXXII), obtaina})le also from )S-pinene, oxide by distillation. 
Myrtenal on oxidation gives an excellent yidd of pinic acid.^® 


CHO CHO 

I I 



(XXXl) (XXXIl) 



138 


( 28 ) 


Section II, Chemistry, 


Ketones and Acids, 


The more important ketones of this group are (i) the 
licit ur.'iJJy occurring pinoramphone. (XXXITl) partially synthe¬ 
sized by Euzieka*^^ from pinonic lacicl, (ii)pmomrw/n’.®® (XXXIV) 
obtained only from |3-pinene by autoxidation, and (iii) another 
natural prodmd. verbenone (XXXV) obtained from a-pinene by 
autoxidation and by (tatalytic oxidation.^® '' Verbanone is 
obtained by the catalytic! hydrogenation of verbenonej and 
also by the oxidation of dihydroverbenold^ /.sonitrosover- 
banone obtained by the a(!tion of amyl nitrite on verbanont!, 
undergoes the Beckmann change giving the imide (XXXVl) 
which with alkali gives the two isomeric inonoamides of ])ino- 
eamiihoic acid.’ To rarvopinone derived fr’om nitrosopinene 
with oxalic imid,®’ Wallacli had cassigned the constitution 
(XXXVJI) assuming nit rosopinene to be (XXXVII f) in violation 
of Bredt’s rule. 
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•Since Ruzicka and TiHsbler^*^ have shown that nitrosopinene is 
XXXIX, carvojiinone (in absence of any isomerization during 
hydrolysis) should be represented by XL, whence it becomes a 
stereoisom(!r of ])inocarvone. Conlirmation of this is absolutely 
neitessary. Similarly jiijimrarvol sliould lie represented by XLi, 
as an isomer of x)iJiocarveol, the isomerism being probably due 
to tlie arrangement of the attuns in different iilanes. 

Myrteiiy] bromide on treatment with acetoacetic ester 
gives ethyl myrtenylaeetoacetate (XLIl) wliieh on hydrolysis 
gives homomyrtenyhnethyU-et/)m‘. (XL111).’® Kotz and Lemien*® 
on methylating nopinone obtained oxymethylenenopinono 
(XLTV) which on catalytic hydrogenation gives methylmpinone 
(XLV), a structural isomer of verbenone and pinoeamphone. 
When nopinone is condensed with oxalic ester, nopinone oxalester 
(XLVl) is obtained, the sodium salt, of which on being heated for 
several days with methyl iodide gives a small quantity of methyl- 
jiopinone. Nopinonecarboxylic ester (XLVIl) could also bo 
obtained from XLVI. 
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X<> ;ici(l (if lliis gr(m|) i.s known to occur in nature. 

.\o/}inir arid luis Imuhi obtained lo’ tin* oxidation of 
p-jiinene witli jM'iinangiuiatc.^" 


CO2H 
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HC'^ ^CH 

'^CMe2 I 
H2C I ^CH2 


CH 


(XLVIll) 



rf-Myrtenaloxiine wlnni digested with acf'tic anliydriclo gives 
the nitrile whicli on hydiolysis gives tni/rtenir, arid. (XLVIII) 
iriving dihifdronn/rtenic. arid (XLTX) on reduction. 


The const it iition of nitiosopinene was a su])ject, of consider¬ 
able controversy, but has been settled by Kuyacka and Trebler®® 
as follows : On reduction with zinc dust and acetic acid nitro- 
sopinene gave pinylainine which on treatment with nitrous 
acid gave pinocarv'eol, giving pinocarvojie on oxidation; all 
these are shown to be members of the ^ pinene group and 
nitrosopinene represented by formula (XXXIX). 
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(L) (Ll) (Lll) 


Further sujtport has l)een obtained by ozonizing nitrosopiiu'ne 
and acotylpinylamine, yielding respectively wonitrosonopinone 
(L) and aeetylairiinono])inone (IJ) with the forniatioii of formal¬ 
dehyde in each case. Pinocarvone gives an oxime not identical 
vith nitroKOpinene, and its reduction gives pinooarvylamine (LTI) 
not identical with pinylamine. liuzicka has explained these 
observations as due to the differences in the planar arrangemenls 
of the atoms in the molecule, dealt with later. 


Important iJegnulation ProducAs. 

The classical researches of Bacyer on the constitution of 
pinene resulted in the isolation of a scries of impoj-tant acids, viz., 
pinoylformic .acid (Lfll), pinonic acid (LIV), pinic acid (LV), 
hydroxypinic acid (LVI), norpinaldchydo (LVII), and norpinic 
atdd (LVITI) the last being very stable, could not. be furtlier 
degraded, supporting thi-iieby th(! general view that though the 
formation of a cycfobut;ane ring is difficult,the ring once formed has 
considerable stability. It is of interest to note that none of these 
acids has lioen synthesized excepting norpinic acid the synthesis 
of which was effected only in by Kerr.®^ Though cyclo- 

butane and inothylci/c/obutane are known for long, climethyl- 
n/efobutane, which can be considered to be the mother comiiound 


CH.C’().('().,H CH.COC'Hb 

/\ ■ /\ 

M0.2C CHo MeaC CH2 


CH.CH2.OO2H 

(LTTI) 

(JH.CO2H 


MegC OHo 


CH.CHOH.COoH 

(LVI) 


\/ 

CH.CH2.C()2H 
(LIV) 


(;h.(.!().,H 

McoC CHa 


MegC 


CH.CO2H 


CHa 


CH.CHO 
(LVIT) 


(JH.CH2.CO2H 

(LV) 

CH.CO2H 


MP2C CH2 


CH.CO2H 

(LVITI) 



( 31 ) 


Presidential Address. 


141 


of these acids, is yet to lie synttuwized. The synthesis of pinonic 
8(4(1 will he of great interest sine<‘ if will amount to a total 
synthesis of a- and 8-pinenes, Huzicha having synthesized 
them starting from pinonie acid. 

Slawinski, Pilie-zewski, and Zaoharewics oxidized an acetone 
solution of pinene (with i)ermanganat(‘) to a neulTa! product, 
from which they were able to isolate pineiu^ gly(!ol, ])inononal- 
dehyde (LTX) and a keto-alc()hol. When ozonized oxygen is 
passed through j8'])ineno in chloroform at ()“, an ozonide ^10^1 
is f(wmed and when shaken with o ])er (^ent. KOH or subjected 
to steam distillation yields nojnnone and an unidentified { roduet 
m.p. 12.)-2t)°.®^ The exx)eriment (d Schmidt®* is of great im¬ 
portance, as contrary to the statement of Sinionseu it pjoves 
the preseiKM' of the r//c/ohutane ring in jS-pinone. By ozonizing 
^-piiuuie he ohtainefl nojiinone and another product 
(a„-13..S^) (disemicarhazone) w^hich on oxidation w'ith 3 i)er cent, 
permanganate, gave x)inonic acid. This j)roduct is the corrc's- 
])onding ahh'hyde (LX). 

CH.COCHs 

/\ 

-Me./' THa 

\, / 

(’H.C’fla.CTTO 
(LX) 

Synthesis in the Pinane Series. 

Although jniu'iic is known to occur v(‘ry widely, and its 
chemistry has ht^en thoroughly investigated by the brilliant 
researches of Wallach. Baeyei', and others, it is indeed V'ery 
surprising tiiat no total syntlu^sis of (‘Vim one bicyclic dt'rivative 
in this grouj) has bcdi (dfected. 

It has been re])eatedly ob.serv(‘d that tlie nu'thods of ])r(N 
j)aring live, six and even tJiree nnunbered ring comj)ounds fail 
either ])artly or wholly wIkmi applied to the cyc/olnitam* com- 
])omids The failure of I’ei’kin ajid Sirnonsen to synthesize 
no]'inone by a method apparently moie congenial than any 
other conceivable is n'ally very significant. 4-/.s‘oPro])ylidene- 
ciycfohexanone (LXI) on treataneiit with hydrogen bromide 
gives an addition product (LXII), the formation of the otlmr 
possible isomer (LXTTI) being argued as out of question, not 
by any rigorous experimental proof, but by analogy with other 
eases of addition of HBr. From the bromo-compoiind although 
alcoholic potash eliminates hydrogen bromide no trace of nojn- 
none could be detected in the product. Sodium i-j8-bromo- 
i5opropylcycZohexanone-2-carboxy]ate (LXIV) when digested in 
alcoholic solution, loses NaBr without the formation of the 
expected nopinone derivative. These two observations clearly 
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show that the formation of the cycfohutane ring from a cyclo- 
■ hexane ring by 1 :3-bridging is not possible. This observation 
is confirmed by the experiment of Stark who by distilling the 
calcium salt of hexahydrw^ophthalic acid claimed to have 
produced ‘ demethylated pinone ’ (LXV), which proved only 
to be methylcyc/ohexenone (LXVI) obtained by Kotz and 
Steinhorst.®® 
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Starting from pinonic acid, Ruzicka,®’has effected the 
synthesis of a- and 8-pinenes, although his initial attempts to 
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prepare homopinocamphoic acid (LXVII) met with no success. 
Pinonic ester on catalytic hydrogenation gave the hydroxy 
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compound (LXVIII), which with PCI5 gave the corresponding 
chlorocompound (LXIX) conversion of which into (LXVII) 
through the nitrile (LXX) was not possible, the yield of the 
nitrile being very poor. Another attempt, starting with pinonic 
acid cyanhydrin also failed, but the method as indicated above 
proved successful, leading to the partial synthesis of pinocam- 
phone, a-pinene and 8-pinene. 

jS-Pinone has Ikjcii synthesized by Wallach^® from nopinone 
via ethyl nopinolacotatc (LXXl) the corresponding acid (LXXII) 
on dehydration by hydrogen potassium sulphate furnishing 
S-pinene. Since a-pinene can be obtained from ^-pinene, the 
partial synthesis of the former may also be regarded as achieved. 
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(lxxi) 
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(lxxh) 


Buchner and Rehorst*^ condensed a-pinene with (bhyl diazo 
acetate and obtained a very interesting tricyclic eHt(!r (LXXlll). 
The constitution of the corresponding acid (LXXIV) was 
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(lxxv) 


settled by its being oxidized to terebic acid and methylcyc/opro- 
pane-l : 2 : 3 -tricarboxylic acid (LXXV). The formation of the 
eyeZopropano ring as a third ring is very interesting, showing 
clearly that the pineno is very unstrained allowing the easy 
construction of a third ring. This accounts for the existence of 
such tricyclic rings in nature. 

The difficulties involved in the synthesis of .lycZobutane 
rings are well known and account for the fact that dimethyl- 
cycTobutane and the series of degradation products of pinene 
have not been 83mthe8ized yet. The synthesis of norpinic acid 
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was achieved only in 1929 by Kerr®^ starting from Guareschi 
imido as follows ; 



Shoppe and Simonsen converted this synthetic trSis-a^id into 
the ci5-variety and thus proved the identity with the product 
obtained by degrading pinene. 

The same #m».9-acid has been synthesized by Gaind and 
Guha by the following two methods ; 



Since the construction of a bridged cyrtobutano ring starting 
from a cyrtohexane derivative has not been feasible till now 
(cf. Mayurnathan and Guha),** the construction of a 1: S-bridged 
cycZohexane ring starting from a cyclobutane should engage the 
attention of synthetic workers in this field and now that cis- 
norpinio acid can l>e obtained synthetically, a series of synthetic 
attempts have been launched by Guha and Ganapathi*® with 
the object of synthesizing pinene and its derivatives starting 
from ci^-norpinic acid. Ketonopinone (LXXVI) has now been 
synthesized as is indicated below, which on reduction is expected 
to yield ‘ nopinone ’ and also ‘ nopinane 

The synthesis of ketonopinone is the first total synthesis 6f 
<a bicyclic compound in the pinane series. In this sdfhem^ it 
can be seen that pinononic acid has been synthesized incidentally. 
An alternative method of synthesizing nopinond Ironk cis-nov- 
pinio anhydridd is in progress following that of Lapwofth and 
Royle*® for their synthesis of homocamphor from oamphorio „ 
anhydride. The synthesis of an isomer of nopinone is in prepress 
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in this laboratory starting from the dibromide (LXXVIII) 
obtained by Ostling*’ from the corresponding diol (LXXVII), 
according to the scheme outlined below: 

CH. CHoOH CH. CHgBr CH. CH.. CN 

/\ /\ /\ 
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(LXXIX) 


Similarly irom pinic ester, Ostling obtained the diol (LXXX) 
au)i the dibromide (LXXXI) which with sodium did not give 
aopinane (II) 
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(LXXXIII) 


Pinic oHtw hy the action of sodiiitu gives onJy complex proclucfs, 
and the dislillation of lead ])iniite did not give Ihe cx|)ect('d 
intei’esling compound (LXXAll) but only /.wpropylidene 
ryc/oj)entauc-2-one (LXXXITT) ol)tain(Ml also by Bonsdorff 
by dry disiillation of calciinn pinate. 


Phenomena of Isomerism. 

Two isomeric pinanes are known. Namc^tkui l)y reducing 
pinocamplione obtained a compound which he designates as 
' pinocatnyhane' to distinguish it from piuane derived by thc' 
reduction of pinones and represents the two as in (LXXXIV') 
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I CMej I 

HjC I ^CHz 

(lxxxiv) 
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CH H ^CH2 

1 1 

1 '''CMea 1 

1 'CMezj 

HaC^l ^CH2 

I /CH2 

(LXXXVl) 

(lx XXV 11 ) 


and (LXXXV) which evidently is not correct. Bipp * ® 
thoroughly investigated the pi oblem and arrived at the conclusion 
that by ihe reduction of pinene, two pinanes are produced 
{cis and trans) their quantities predominating according to the 
conditions of reduction ; no work on the configuration of the 
compounds is, however, recorded. It may be concluded, from 
the work on the compounds described below, that the cis and 
trans isomerism is due to the two ijossible planar arrangements 
of pinane as shown in LX XXVI and LXXXVII (atoms connected 
by dotted lines lying in one plane and those by thick lines in 
another). 

The case of pinane is not a solitary instance in which this 
peculiar type of isomerism exists. Nitrosopinene is foimd to 
be not identical with pinocarvoxime. So, as Buzicka suggests,^ 



( 37 ) 


Preaidenitol A ddnsn. 


147 


the isoinorisni is iuok; lili< 4 y due to difi'ereiioe in the jdanar 
arraiigomonts of the atoms, as in pinylau.iine and pinocarv;V'- 
laniinc (LX^XXVITT and LXXXIX). 


I 1 

a.xxxviii) 


CH 2 

II 
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CH^OH 

C,^ H 
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MC^ H CHj 
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(lxxxix) 
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Witli th(' |)r('sent data it is not possible to ditfereiitiati' betweiui 
tliese planar arrangenieiits. The two (res’ and tmn-'t) isonu'rie 
eon\]K)unds osoniyrtano) and niyifanol of Dupont and Zacliaie- 
Avics'** ran th<‘i(‘f(»ie be iepi'<‘S(“nted as XC and XDI. Tlie 
exisfenrr of two nopiuols^- an<l two inetjiyJnopinols'''* are 
hut the requirements of the theory in fh(“ light of the work and 
observat ions mentioned above. In all the ilerivatives of pinanr, 
Avhere tlie lijig is (-(unpletf'ly rodur<‘d, such an isomerism should 
l>e ox])ect ed. 

A sea^'cli for such t}])es of isomerism in ])inocam])heol *, 
vei banal f, mothj lverbanol, no]>inic acid, etc. is e\])erted to 
yield fruitful results and determination of contigiiration of 
the isomers will give an insight- into the siereo-chcmiistry of 
these bicj’clie systems. 


Thuja-ne Series. 

Only a 1(‘W mendxM's of this group, (‘.g. a-thi;jene (I). 
d, I, and f//-.sabim‘tie (11), thujyl alcoJioI (III), sabinol (IV), 


CH 3 

I 

MC • CH 

!\ I 


A 


CH, 

C 

MC’^ '^CM, 


CH, H,C. 

'■ 

C 3 S/ ^3^7 

(I) O') 


HC 


CH3 

CH 


CHOH MC 


C 

/ \ 


CH, ^CH, H,c^ ^CH, MjC^ ^CH, 


c 


( 111 ) 


( 

( 

(IV) 


CHOH HC 


CH3 


CO 


c' 

C 3 H 7 


( 

C3«7 


(V) 


CH3 


HC 

r 

«,c 










CO 


cjMr (vi) 


* 1-2-Pinocainph.Anols are known (ef. p. T)). 
t Verbanol is obtained as a mixture of isomerides 
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thujone (V) and umbellulone (VI) are known to occur in nature. 
Yet a rational study of the reactions of the individual members, 
or systematic attempts towards the synthesis of the parent 
members and their degradation products, do not appear to have 
been made, perhaps for the following reasons. 

(1) They do not givei characteristic crystalline derivatives 
for identification purposes, nor are they easily purified. Some 
of the natural hydrocarbons, e.g. a-thujene, slowly recemise 
on keeping and thujone changes to the isomeric iwthujone 
on heating. Oils containing thujone become strongly acidic 
when preserved, mainly owing to the formation of a-thujaketonic 
acid.^ 

(2) Most of the members of this group contain more than 
one a.symmetric carbon atom giving rise to a large number of 
stereoisomers. This fact is borne out by the works of Kondakov 
and Skwarzov,^ Tschugaev, and Fomin® in the case of a- and 
j3-thujenes, of Henderson and Robertson* and of Paolini, 
Divizia and Robora® in the case of thujyl alcohol, sabinol and 
thujone. 

(3) The oxidation products, chiefly dicarboxylic acids, 
e.g. homothujadicarboxylic acid can exist in ci«-#mns-modifica- 
tions, besides displaying stereochemical isomerism. 

(4) The ease with which the cy/cfopropane ring of this group 
opens is in marked contrast to the case of carenes, which are 
quite stable towards dilute sulphuric acid, and the instability 
of the cyclopropane ring is shown generally in almost all their 
reactions with HCI, HBi-, Br, CrOg, KMnO*, hydrogenation 
with Pd, etc., and also on dehydrogenation. Either monocyclic 
six-membered derivatives such as terpene dihalogenides, 
torpinone-4-ol, 1 :4-terpin or derivatives of the fivo-membered 
isothujone group (X-XIII) such as a-thujamenthol, isothujone 
oxime, isothujylamine are formed by the fission of the cyclo- 
propane ring in two different ways dej^ending upon how the 
ring opens. 


Rearrangement of bicydic six-membered compounds into 
iHOthujone or oyalopenlam derivatives. 

(a) By catalytic hydrogenation. —Richter, Wolff, and Presting * 
during their unsuccessful attempt to convert sabinene (II) 
into the difficultly obtainable a-thujene (I) under the influence 
of Pd black, analogously with rearrangement of j8-pinene to 
a-pinene, found that sabinene is converted into 1 : 2-dimethyl-3- 
wopropyl-cyclopentene (VII) (the pontion of the double bond 
being uncertain), involving thereby a mechanism similar to 
that observed by Wallach^ in the rearrangement of thujone 
to the five-membered ring ketone, i^othujone. They found 
on repeating the work of Tschugaev and Fomin® that with 
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platinum black the hydrogeiiaticm of sabinene follows a difierent 
course. It stops when about two- atoms of hydrogen have 
been taken up and yields a product stable towards porbenzoic 
acid and corresponds lo thujanc (Vlll) in its properties. They 
further show that the hydrocarbon (so-called dihydrosabinene) 
obtained by Wallach’ with colloidal Pd, and also by them with 
IM black was VII, which further absorbs hydrogen with almost 
undiminished activity giving 1 ; 2-dimethyl-3-wopropylcyc?o- 
pentane (IX) whose physical constants, as given by Taboury 
and Godchot,® were shown to be incorrect by Kasansky.® They 
infer that the difference between the reaction with Pd and Pt, 
is probably due to the sj)e(!ial acjtivity of Pd as a dehydrogenation 
catalyst. 


CH3 



Observations have been made by Zelinsky and 
Kasansky that a-thujene on distillation over nickel in an 
atmosphere of hydrogen, thujane by Sabatier and Sendoren’s 
process of hydrogenation^*, sabinol on catalytic hydrogenation 
with nickel, Pd and Pt*>**, and thujone in the presence of Pd 
asbestos give the same 1; 2-dimethyl-3-f5opropylcvcfopentane, 
whose constitution has been definitely established by Kasansky.® 
While under other conditions, viz. reduction under pressure 
at room temperature in presence of platinum, there is i.o rupture 
of the c;yctopropane ring, the product being thujane.® It is 
noteworthy that thujene with a loss stable bicyclic structure 
behaves simila»’ly tc pinene. Using osmium as hydrogenation 
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catalyst, Zelinskiaiid Poliak found tliat a-tlnijene gave thujaiie 
wi fchout. the rupture of the c^etopro 7 mne ring. 

{b) Miscellaneous reactions .—Tiie rearrangement of the 
members of the thujane grouj) into those of isothujone is charae- 
teristically represented by the conversion of sabinol to iso- 
thujone (X) on heating with aluminium i.sopropylate of 
thujone into wothujone (i) on ))eing heated Avith sodium and 

also with ammonium h^^drogen sulphide^®: (ii) on distillation 
ov(*r copper or nickeP®; (iii) l)y Sabatier and Semderen's process 
of reduction’^; (iv) by concentrated sulphuric acid.’**' 
Other <‘xamijtes of this roarrangemenl are the ('eduction of 
thujone o.vime (liquid) by sodium and alcohol to isolhujylamine^’ 
(XI) and the conversion of thujone tu thujamenthone (Xll) by 
reduction in presence of nickel and hydrogen.’’* 




CH 3 

c 


CO 


H3C 


CH 

C3H7 


CHj 


CH3 

^CH.NH2 


H 3 C 


CH 

C3H7 


CH2 


CH3 

CH 

^CO 


H3C 


CH 




CH 2 


I 

C3H7 


(X) (XI) (XII) 

Transformation of the bicyclic compounds into ryr/ohc.xane 
derivativ'^es can be seen from the following: a-thujene and 
sabinene giv'o terpinene dihalogenidcs with halogen acids 
and 1 : 4-ter7mi and ter2>mene-4-ol with sulphuric acid ; 
sabinaglycorol gives cumin alcohol and sabinol gives A'-p- 
• menthano-4:6-diol and A'-p*menthane-4:0 : 7-trio] witli warm 
sulphuric acid ; sabinol gives earvotamicctone by distillation 
o\'(M' copi)er and nickel’®; thujone gives c-arvacrol by the 
action of ferric chloride”^'”’ and by sulphur.*® Tno last two 
reactions illustrate the simultaneous ring fission and dehydro¬ 
genation of thujone. 

The larg(i number of oxidation reactions so far studied 
have resulted in the isolation of numerous intereding acids. 
a-Thujaketonic acid (XII1), a-thujadicarboxylio acid (XIV), 
jS-thujaketonic acid (XV'), and ,d-thujadicarboxylic acid (XVI) 
arise from oxidation of a-thujene, sabinene, jS-thujone by 
KMnO^ and ; dZ-homothujadicarboxylic acid 

(XVII) by the oxidation of )S-thujene*’»*® (XVIII); d-hoinothu- 
jadicarboxylie acid by the oxidation of benzylideno ^-dihydroum- 
bellulone®* (XIX) : ?-homothujadicarboxylic acid from benzy- 
lidenethujone ; a,8-dihydroxy-a-methyl-S-i.sopropyladijU(! acid 
(XX) by the H 2 O 2 oxidation of sabinene*; ^-/soi)roi)yllaevulic 
acid (XXI) and ^-iwpropylsuccinic acid (XXII) by CrOj o.xida- 
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tioii of icsothujoue ; iimbelluloiiie acid (XXIII) and umbellularic 
avid (XXTV) from the oxidation of umbellulone.®“-It remains 
for chemists, keeping in mind the peculiar behaviour and possi- 
liilities of ring opening characteristic of members of this series, 
ro make some well-planned attacks on their synthesis. 
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Thujonc, obtained from several soure(‘s in nature (in thuja, 
tansy, sagii and worm wood oils) although structurally identical 
does not exhibit the same ])ro])crtie.s, because all do not yield 
tlie same crystallini' bisul])hite compounds or crystalline oximes, 
h'ui'thermorcj, there is observed a marked dilference of optical 
Isolation in both sign ami value. The tendeimy to undergo 
inversion, (jaused either by acids or alkalis, and the governing 
conditions have not been closely studied. Elucidation of the 
stiucture of this interesting ketone presented considerable 
dilTiculties, but after an elaborate investigation by Semraler, 
Wallach and others, it is now definitely established. The 
partial synthesis of thujone by Ruzicka and Koolhaas starting 
from a*thujaketonic acid (cf. conversion of jiinonic acid into 
]>inocamphaue and a-pinene by Ruzieka and Trebler, affords 
the firmest support for Semmler’s thujone formula (V). 

Mention may be made here of the synthesis of bicyclic 
hydrocarbons possesring the thujane skeleton. The parent 
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hydrocarbon, northujane (XXV) [6icycZo-(0:1:3)-hexane], has 
been synthesized by Zelinski and Ushakov.®® 3; 3-I)imethyl- 
bicydo-{ii : 1 : 3)-hexane®® (XXVI) 3-phenyl6!cyc/o-(0 : 1 : 3)- 
hexane (XXVII) and 2:6:6-trimethyl-6icycZo-(0:1:3)-hexane * 
(XXVIII) have been synthesized. 
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The unsuccessful attempt towards the synthesis of sabinenc 
from sabinaketone also deserves mention. 
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Attempts have been made to synthesize compounds of the 
thujane group by bridging ethyl cycfohexanone -2 : 6 -dicarboxy- 
late** in 2: G-positions hy Guha and Seshadriengar. Work 
is also in progress in this laboratory to build up the thujane 
skeleton from cyclopropane 1 : 2 -dicarboxylie anhydride (cf. 
Guha and Eanganathan ).** 
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Caranb Semes. 

A great advance towards the synthesis of members of the 
carane group has recently been made by El)cl, Brunner, and 
Mangelli ^ by synthesizing norcarane (I) starting from ryefohexene 
as follows: 
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The constitution of A*-earene has been deduced from a. 
study of the oxidation M’ith potassium j>erraanganate and with 
ozone, giving amongst other products two laevo-rotatory 
hydroxy-dibasic acids and cis- and trans-carotdc acids, the last 
one having been sjmthesized by Perkin and Thorpe.® The 
hydroxy-acids are probably ris-/nm5-isomerides, the lower 
melting one l)eiug the cis-moditication, since on l)eing heated 
with acetyl chloride it yields a lactone, partial conversion into 
the /raw,9-raodification occurring simultaneously. Although these 
tw’o hydroxy-acids (II) are both stable to alkaline permanganate 
they are oxidized, however, by acid permanganate to isoinerit^ 
ketonic acids (III). 
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Oxidation of the cw-acid (III) with .sodium hypobiomite gave 
Cfs-homocaronie acid (IV), synthesized by Owen and Simonsen ® 
by condensing ethyl A^-wohexenoate (V) with ethyl diazo¬ 
acetate in presentee of copper bronze when a mixture of the 
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e.st(“rs of cis- and trans-homocuvonk acids (VI) and ryc/o-butane- 
1:2:.*}: 4-tctracarboxylic acid was obtained. 

N2CH. COaEt 

-CHo—002Et-MogC-C’H--CH2~C02E 



CH.CO 2 R 

(V) (VI) 

Althougb direct synthetic evidence of tlio constitution of 
A®-oarene and of its degradation products is not available with 
excej)tion of the caronie acids and the honiocaronic acids— 
there would appear to be little doubt that it is correctly re])re- 
sented ])v formula (V^II). 

Oxidation of r/-A®-carene with Beckmann’s chromic acid 
mixture' gives l-trans-otiTon\c acid (VTII) besides f/-homoter- 
])eny]metbylk('tone, te'rpenylie acid and terebic acid.^ 


CH.. 


tl 


C 


«,.C 


;' CH. 


CH 


\ 


CH-CMoo 

(VII) 


CH.J 

I 

()C 

\ 

'^CH., 

HO.,C ! 

“1 CH 

CH—c:\re.> 


CO 41 


CH 

/\ 

HO 2 C . CH-CMn2 


(Vlll) 


The formation of /-fmw,s-earonic acid in the above oxidation 
is of interest, since the ketonic acid, from which it must, originate, 
would probably have the r/.9-oonfiguration. Under the experi¬ 
mental conditions, this configuration must be presumed to be 
unstable, passing into the /mw.s-form, which is then further 
oxidized to the imw-s-dibasic acid. 

Mention has already been made of the principal products 
which are formed when rf-A®-carene is oxidized with potassium 
])ermanganate in acetone solution. Semmler and Scdiiller 
s('parated an unsaturated dieyclic ketone'’ (TX) from the neutral 
O'.idation products, which on reduction with sodium and alcohol 
gives the saturated alcohol (X) yielding on oxidation with 
chromic acid, the saturated ketone (XT). 
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No direct proof of the constitution of uny of the above suhstaneos 
is available and the formal ion of an unsaturated ketone by 
oxidation with potassium permanganat e app(*ars to })e somewhat 
unusual. 

A*-Carene. 

A*-(’arene (Xfl) is oxidised with KA’u ()4 in acetone solution 
to r/-J : I-dimethyl-2-y-k<‘tobutylr//f/opro](ane-3-ear])oxylie acid 
(XIJI) recently synthesizetl by Owen and Simonson “ by the 
condensation of m(‘thylhe])tenone with ethyl diazoac(‘tate and 
subsequent hydrolysis of the ester grou}). The acid (XIIT) is 
oxidiz(‘d with sodium lyvpobromitt' to d .‘l-earboxy-l : 1-dimethyl- 
c//do])roj)ane-2-pro])ionic acid (XIV). tlie constitution of which 
has been prov(ul by its eouv(‘rsion into hnuioterjanylic a-ud. 
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Th<‘ iiK'thylxanthate of 1-earoI obtained from fZ-earylamine 
g.ive oil distillation a hydrocarbon whosi* constants agree cIos(dy 
witli thos(' of A‘‘-carene.'^ Iluzicka ^ in liis recent attem])t to 
syntnesizi’ A^-carenc from earyltrimethylammonium iodide, 
under varying (amditions of ex[)(‘rinieut. obtained two tfio)H)ci/cIic 
hydrocarlKJiis, of which is r(‘duc(‘d to a hv'drocarbon 

(14 

10^1 o()- 

Itediietion of caroiie to the corn'sponding secondary alcohol, 
carol (.W) cannot 1 m* etfect(*d. although this alcoliol has ))(*en 
jirepared by Menon and »Simons(‘nby tr(*»ting (/-carylainiiie 
witli nitrous acid. 
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(XV) 


d-Caronehydrazone (XVI) is an oil which, wlmii distilled 
with potassium hydroxide, give.s tie* saturated dicyclic hydro- 



156 


Section II, Chemistry, 


(46)' 


carbon, Z-carane (XVII).^® This conversion of caronehydrazone 
into Z-carane also occurs when it is heated with sodium ethylate 
under pressure. 

These methods of converting the ketone into a hydrocarbon 
are likely to be of considerable use in synthetic work. 

CH3 

iH 

/ \ 

HgC C = N—NH.2 

1 I 

HaC CH 

\/ \ 

CH -CMeg 

(XVI) 

Attempts have been made by Guha and Ghosh to synthesize 
compounds of the carane series starting from succinyldimalonic 
ester via ethyl cycZohexane-3 : 6-dione-l : 1 ; 2 : 2-tetraoarboxy- 
late and the corresponding diacid ester containing two active 
hydrogen atoms in 1 :2-positions. Work is also in progress to- 
build up the carane skeleton from tetraraethylene diraalonic 
ester, through the cycZoheptanono-2 : 7-diester. 

I shall conclude by expressing my thanks to you for giving 
me a patient hearing and to my students K. Ganapathi, T. N. 
Ghosh, B. H. Iyer, S. K. Ranganathan, and N. K. Sesha- 
driengar for their help in compiling some of the references in 
connection with this address. 
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Section of Chemistry. 

Abstracts. 

INORGANIC CHEMISTRY. 

1. Resolution of co-ordinated inorganic compoimds. Part 
III: Active cadmium propylenediamine salts. 

Panchanah Neogi and K. L. Monx>ax<, Calcutta. 

The work commenced tjy Neogi and G. K. Mukherji had to be re¬ 
peated owing to the lamented early death of Mr. Mukherji. Co-ordinated 
cadmium salts with both d- and f-trispi-opylenediamine have been isolated. 


2. Salts of gallium : Part 1. 

Panchanan Neogi and S. K. Nandi, Calcutta. 

Bevoral new salts of gallium have I'leen prepared. 

3. Complex compounds of biguanide with tervalent metals : 

chromium and cobalt. 

P. R. RIy and. Habiboea Saha, Calcutta. 

Though the complex biguanido compoimds of bivalent copper, 
nickel, and cobalt have been described long ago, the constitution of the 
complex metal-biguanide ion is still under dispute. In order to elucidate 
this unsettled problem the authors have prepared and studied the properties 
of biguanide complexes of tervalent chromium and cobalt. These com- 
jjounds, which have not yet been described in the literature, form beautiful 
ruby-red crystals—the colour being more prominent in the case of chro¬ 
mium complex. They are strong bases. Three molecules of biguanide 
are co-ordinatod with each metallic atom—the biguainido acting as a 
bidentato group. The co-ordination number of the metal atom in these 
complexes, as well as their physical and chemical properties, throw a 
flood of light on their constitution and those of biguanido complexes in 
general. 

4. Complex metal-ammonium seienites and selenito-metal- 

ammines. 

P. R. RAy and A. B. Ghosh, Calcutta. 

A number of complex metal-ammonium seienites and selenito- 
metalammines have been prepared. All the latter contain cobalt as the 
central atom, and the selenito group occupies in them only one co-ordina¬ 
tion position like the corresponding sulphito group. Unlike the sulphito 
complexes, however, these are readily hydrolyzed giving rise to aquo- 
compounds. Co-ordinating capacity of thfe selenito group is, therefore, 
verj”^ weak, possibly due to its larger volume. 

Among the motal-ammonium seienites, compounds with cobalt, 
nickel, and copper as the central atoms have been prepared. 
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5. The action of hydrogen sulphide on barium and mercurous 
chromates. 

M. A. Hamid* V. S. Bhatia, and H. B. DtrNNiOLirF, Lahore. 

Purified hydrogen sulphide was bubbled through suspensions of the 
chromates in water. Barium chromate gives a precipitate containing 
the hydroxide, thiosulphate (co-ordinated), sulphate (co-ordinated), barium 
sulphate (tracesl, and sulphur. The filtrate contains barium thiosulphate 
and polysulphide. Tetrathionate was not detected os an intermediate 
or bye product. At 80-85° the sulphate increases and thiosulphate 
decreases. 

At low temperatures, sulphite is detected among the products of 
reduction of mercurous chromate, but none is fmmd when the gas is passed 
at 80-85°C. 


6. The slow oxidation of hydrogen sulphide in aqueous 
solution. 


H. B, Dunnicliff, Lahore. 

Hydrogen sulphide is decomposed freely, giving water and sulphur. 
Sulphur reacts with water forming sulphoxylic acid (H 2 SO 2 ) and hydrogen 
sulphide. The sulphoxylic acid is oxidized to sulphtirous acid which 
may combine with either oxygen or sulphur giving sulphate or thiosul¬ 
phate. In some cases, both of these reactions proceed simultaneously 
but the fate of the sulphurous acid depends upon the nature of the bases 
present, sulphide being completely suppressed in alkaline media, giving 
thiosulphate, and in feebly or strongly acid media containing a moderate 
concentration of oxidizing agents, giving sulphate. 

Side reactions show that, in certain circumstances, dithionato can 
be formed from sulphite and tetrathionate by the mild oxidation of thio¬ 
sulphate. 

It is most improbable that thiosulphate is formed by the condensation 
(with loss of one molecule of water) of two molecules of sulphoxylic acid 
or that sulphate is the result of the hydrolysis of the thiosulphates of 
weak bases. 


7. Electro-deposition of chromium from potassium di* 
chromate baths. Part I: In presence of sulphate. 

S. E. Pathak and S. Husain, Hyderabad (Deccan). 

Bright white deposits of chromium were obtained from potassium 
dichromate baths, containing sulphuric acid or potassium hydrogen 
sulphate. Baths containing potassium sulphate yielded grey deposits. 
The current efficiency in the case of sulphuric acid was about 9% and 
in the case of potassium hydrogen sulphate about 6%. It was very low 
in the case of potassium sulphate. 


8. Electro-deposition of chromium from potassium di¬ 
chromate baths. Part II; In presence of acetate. 

S. E. Pathak and S. Husain, Hyderabad (Deccan). 

Shining white deposits of chromium were obtained from potassium 
dichromate baths containing acetic acid or sodium acetate. The current 
effide^ in the case of acetic acid baths was about 14% and in the case 
of sodium acetate it was about 0*6% only. 
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9. Study on the alkaline Nessler's reagent. 

P. B. Sarkar and B. C. Ray, Calcutta. 

Neutral Neasler’s reagent does not give characteristic precipitate 
with free ammonia. The presence of caustic alkali is indispensable. In 
ordinary text-books the roll of OH' ion is not properly taken consideration 
of. Physico-chemical methods have been applied to study the behaviour 
of Hgli' ion in presence of OH' ion. 

10. The metallic constituents of certain Indian foods and 

vegetables: complete quantitative analysis (chemical 
and spectrographical). 

P. B. Sarkar awl H. C. Goswami, Calcutta. 

The present paper forms the first conununication of a systematic 
examination of all tho metallic constituents present in Indian vegetables. 
The following species have been analyzed : 

Atap rice ; Musa sapieutum ; Momordica churantia (bitter variety); 
Trichoaanthc.s dioica,; Piper betlc. All of them contain tho following 
metals per kg.:— 

Cu, 0,5 to 2,5 mg. ; Mo, 0*05 mg. ; Fe, 1,4 to 31,17 mg. ; Al, 21,G mg.; 
Zu, 1,2 to 2,4 mg.; Mn, 0-12 to 3.5 mg,; OaO, 246 to 984 mg.; MgO, 250 
to i)69 mg. : Na20, 377 mg. : K^O, 4900 mg. 


11. Inorganic constituents of Indian vegetables. 

K. KoNDAiAir, Benares. 

A systematic analysis of a large variety of Indian vegetables, for 
their inorganic constituents, has been undertaken. Tho materials are 
first dried and then a-shed in platinum. Tho ash is then analyzed according 
to standard methods. The constituents estimated include iron, man- 
guuese, phosphorus, alkalis, and silica. Manganese, iron and phosphorus 
have so far been estimated in the following vegetables : sova sag, palak 
sag, bathua .sag, beridi, bohada, sem, bigan, paravar, nonua, lauki, kohada. 
When the da+a of tho analyses are complete, an effort will be made to 
study the influence of these inorganic constituents on nutrition. 

12. On the formation of complexes between manganic fluoride 

and potassium fluoride. 

R. C. Ray aiid H. C. Mitra, Patna. 

'.I’he formation of complexes betwocm manganic and potassium 
fluorides has been investigated. It has Iwen found that only two com- 
plexos of the formulae MnF 3 ,KF and MnF 3 . 2 KF are formed. 


13. A method of qualitative analysis without the use of 
hydrogen sulphide. 

M. R. Rake and K. Kondaiah, Benares. 

This scheme of qualitative analysis of the common basi'. radicals, 
which dispenses with the use of hydrogen sulphide, is simple, expeditious 
and accurate. The bases are separated into five main groups. The first 
group (A) consists of silver chloride and the insoluble oxides of antimony 
and tin, iPormed by hydrochloric and nitric acids. Tho second group (B) 
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includes barium, strontium, and lead, which are precipitated as sulphates 
by ammonium sulphate in acid medium. The third group (C) consists of 
iron, aluminium, chromium, manganese, bismuth, calcium, and magnesium, 
which do not form soluble ammoniacal complexes with ammonia and are 
precipitated by ammonia and ammonium phosphate. Cobalt, nickel, 
copper, cadmium, and mercury, which are precipitated as oxides or 
hydrated oxides, when their ammoniacal complexes are boiled with 
sodium hydroxide are included in the fourth group (D) while zinc and 
arsenic remaining in solution to the end constitute the fifth group (E). 
Alkalis and ammonium are tested for separately in the original mixtiire. 

PHYSICAL CHEMISTRY. 

14. On the photo-bromination of acetylene dichloride in the 
gaseous phase and in carbon tetrachloride solution. 

J. C. Ghosh, S. K. Bhattacharyya, and S. C. Bhattachaeyya, 

Dacca. 

The photo-bromination of acetylene dichloride in the carbon tetra¬ 
chloride solution has been done in three different frequencies, 406, 436, 
and 546 /t/i. Tho reaction is unimolecular with respect to bromine. 
The reaction was carried out at 30^0. At this temperature there is no 
dark reaction between the components of the reaction mixture. This 
reaction has got the following characteristics :— 

(a) The unimolecular velocity c-onstant with respect to bromine 
diminishes slightly with time. 

(ft) The velocity constant diminishes with diminishing concentration 
of the acetylene dichloride when the concentration of the latter is below 
•0054M. according to the relation 1/K plotted against I/O gives a straight 
fine. When tho concentration of the acceptor exceeds •0054M, tlio velocity 
constant is praei,ically independont of the concentration of the acceptor. 

(c) Temperature coefficient is 1‘4 for 546 /a/x; 1*38 for 436 jtx/it; and 
1-35 for 406 ,x,x. 

(d) y is equal to 2 for 546 n(i: 6 for 436 /ift; and 9 for 406 /zfi. 

A mechanism has boon suggested to explain the above facts. 

The photo-bromination of acotvdene dichloride in tho gaseous phase 
has been done in 436 fi/i at 30°C. There is no dark reaction at this tem¬ 
perature. The mechanism of the gaseous reaction has been found to be 
identical w'ith that of the reaction in CCI 4 solution. Only the quantum 
efficiency y has been found to be a little higher in the gaseoiis phase. 


15. Effect of the simultaneous action of radiations of different 
frequencies on the photochemical oxidation of mandolic 
acid by bromine. 

J. 0. Ghosh arid 8. K. Bhattacharyya, Dacca. 

The kinetics of the reaction were first separately studied in three 
monochromatic radiations 366, 436. and 546 fifi and then, under the 
simultaneous action of the ultraviolet (366 jtt/Lt) and the blue (436 fifi); 
the ultraviolet (366 (itt) and the green (546 iifx) and the blue (436 fift) and 
the green (546 gg) radiations. The reaction is zeromolecular with respect 
to bromine in presence of potassium bromide. The bromination was 
carried out at 3i'5°C. At this tempcrattire there is a slight unimolecular 
dark reaction between the components of the reaction mixture. The 
reactions were studied in two different concentrations of bromine and 
bromide, the composition of the reaction mixture being those used by 
Ghosh and Purkavastha (Z. Physik. Chem. Abt. B. Rd 7, Heft 4, 285, 
1929). 
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The results obtained are peculiar in the following respects ;— 

(а) The combined effect of two radiations is always less than the 
sum of the two individual effects. 

(б) The velocity constant in pure monochromatic radiation varies 
as the square root of the intensity of the absorbed radiation. 

(c) y for 366 fifi varies from 26 to 100; for 436 nn varies from 13 to 
67; and for 646 fin varies from 3 to 12. 

A mechanism has been given to account for the above observed 
peculiarities. 

16. Effect of ultraviolet light on ferric salts of organic acids. 

P, B. Ganoitli and Pannalal, Patna. 

Ferric salts of citric, tartaric, salicylic, and malonic acids were prepared 
from freshly precipitated feri'ic hydroxide and exposed to ultraviolet 
light. The rate of reduction was followed by Mohr’s iodomotric method 
{Ann. d. Chein. IL Phorm., 105, 53). The order of the reactions has been 
found to lie mono-molecular. In a quartz vessel the reaction is much 
more ra])id than in a gla.ss vessel (cf. Benraih. Zeit. phys. Chem., 74, 150, 
1010). This is not a surface effect, as addition of silica gel has a slight 
I'ctarding influence. Light of wavelength greater than 4850A units 
is inoperative. The effects of traces of copper, uranium, and thorium have 
been investigated. 

Frcslily precipitated ferric hydroxide dissolves in stoichiometric 
ejuautities of the organic acids to form in the beginning a colloidal solution, 
which gradually pa.sses over to a crystalloidal form. This has been follo'wed 
by dialysis and estimation of the cbalysate. 

17. Baman spectra of cis anti trnns clecalins. 

tS. K. Kulkabnt Jatkar, Bangalore. 

Ill continuation of previous work the shifts 536 (0), 595 (3), 794 (1), 
i040 (2), 1270 (5), 1347 (3b) have been found to 1)6 characteristic of nf< 
and 465 (5). 881 (3), 957 (1), 996 (2), 1145 (3), 1234 (1). 1.363 (6b) are 
characteristic of decalin. A comparison of thc.so observations with 

the Raman spectra of ns and fnins art ho dimethyl cyclohexane shows 
that the ns and lunis positions in these compounds are similarly con¬ 
figurated to tnat of cis and Irons decalin, and brings out the persistence 
of group frequencies in increasingly compilex compounds. 

18. Raman spectra of a- and )3-picoline.s, quinoline, quinal- 

dine, and usoquinoline. 

S. K. Kulkabni Jatkae, Bangalore. 

Kvidence has been foimd in the Kaman spectra in support of the 
peculiar and characteristic properties of those compounds, such as the 
dual nature of the stability of the constituent rings when compared with 
naphthalene and the reactivity of the methyl group. 

The occurrence of paired lines at 500, IWO, 1278, 1430, and 1560 
Cm-t in fsoquinoline indicate the existence of two forms of this compound, 
one having a quinoline structure and the other quinaldine structure. 

19. Raman spectra of terpenes and camphors. 

H. K. Kulkabni Jatkak and R. Padmanabhan, Bangalore. 

The marked differences in the Raman spectra of limonene and 
dipentene have beei. shown to be duo to the different amounts of the 
products of in+rarnol cular isomerization, namely, terpinolono and a 
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terpinene present in these compounds, the latter predominating in the 
technical dipentene. 

There are three faint shifts 1412 (1), 1440 (1) and 1480 (0) Cm-' 
in camphor, and only two lines 1450 (5) and 1484 (2) in fenchone, the 
smaller value and lower intensity of the band in camphor being due to the 
reactive nature of the methylene group. 

20. On the formation of liesegang rings in the presence of 

precipitates. Part I: Action of potassium ferro- 
cyanide on ferric chloride in presence of calcium sulphate 
and barium sulphate precipitates. 

B. N. Sin, Calcutta. 

Known volumes of the solution of potassium ferrocyanide were kept 
over thickly set bodies of the precipitates of calcium sulphate and bariiun 
sulphate prepared by moistening given weights of these precipitates with 
ferric chloride solution. It was found that the prussian blue precipitates 
appeared in the form of periodic rings in the uniformly set bodies of these 
precipitates. The number, the thickness of and the distance between 
the rings have been studied with reference to the concentration of the 
reactants, acidity of the medium and to other factors which generally 
influence the characteristics of the rings. 

21. On the formation of liesegang rings in presence of pre¬ 

cipitates. Part II: Action of potassium ferrocyanide 
on copper sulphate in presence of calcium sulphate 
and barium sulphate precipitates. 

B. N. Sen, Calcutta. 

Uniformly set bodies of the precipitates of calcium sulphate and 
barium sulphate were prepared by moistening given weights of these 
precipitates with copper sulphate solution. Known volumes of potassium 
ferrocyanide solution wore kept over these bodies, when it was found 
that the copper ferrocyanide prcciiritate appeared in the form of periodic 
bands in the uniformly set bodies of these precipitates. The character¬ 
istics of the bands have been studied with reference to the eoncentraiion 
of the reactants and the acidity of tho medium. 

22. Effect of lyophillic colloids on the wettability of naph¬ 

thalene by water. 

A. C. Ghatteeji, Lucknow. 

It has been pointed out by J. Traube (Ghemikar Ztg., 1924, 48, 633, 
873) that the addition of minute quantities of lyophillic colloids con- 
fflderably influences the wettability of ores when a separation of these 
is attempted by the flotation process. In a number of former papers 
{Kolioid Beiheflen, 10/12 Bond 38, 1933; Proc. Ind. Sc. Gong,, 1934) it 
has been pointed out that there exists a close relation between capillary 
activity and wettability, and further the wettability of pure chemicals 
like naphthalene, anthracene. Mid phenanthrene, are also considerably 
affected by capillary active substance. 

In this paper the effect of adding minute quantities of some lyophilUo 
colloids on the wettability of naphthalene has been studied. The colloids 
examined are gelatin, casein, starch, agar-agar, and silicic acid. 

The method employed for the detennination of wettability is the* 
one described in Kolloid-Beihefte. According to the results obtained 
the colloids can be arranged in the following order:— 

gelatin>cMein>starch; agar-agar>8iUcio acid. 
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It is interesting to compare this series with that obtained on a basis 
of their gold numbers,— 

gelatin > casein > starch >silicie acid. 

. 23. The anomalous coagulative power of mercur}^ chloride. 

S. S. JosHi a7id K. R. Das, Benares. 

In a communication to be published sho’tly in J. Indian Chem. 
Soc., results are presented to show that during the slow coagulation 
of colloid arsonious sulphide by aqueous solutions of mercury chloride, 
the variation of the viscosity, the transparency and the refractive index 
aic abnormal. Systematic determinations were, therefore, made of the 
cnagidativo power (relative) of the above substance in the case of a number 
11 colloid^,. This quantity was fomid to be abnormally high, and has 
been discussed esjjecially in view' of the fact that aqueous solutions of 
mercury chloride show' but negligible ionization, as judgoil by conduc¬ 
tivity and other allied data. 

24. Influence of high temperature ageing on the refraetivity 

of colloids. 

8. 8. JosHi and P. V. Jagannath R.ao. Benare.s. 

Tliis was undei'taken in oi'dor to investigate the general nature of 
factors which determine the refractive index of a colloidal solution. 

To this end, variously eouci'ntrated colloidal solutions of manganese 
dioxide, antimony sulphitlo, arsenious s\ilphide, cupric oxide, sulphur, 
vanadic atid, aluminium hycUoxido, selenium, silver, cadmium sulphide, 
Prussian blue, copper foiTOcyanide, mercuric sulphide, gold, ferric hy¬ 
droxide, and some oil emulsions were held at 100°C. about 3'5 hours, under 
reflux condenser and at constant colloid content. In all these systems, 
exc.ept wdth aluminium hydroxide, the refract ivity w’as fomid to increase 
by subjecting the sol to heat as mentioned above, and the change in the 
refractive index w’as independent of the nature of the colloid. 

25. Coagulation of colloid manganese dioxide in the slow 

region. 

8. S. JosHi and P. V. JagaNiNATH Rao, Benares. 

Kinetics of the slow' coagulation of colloid manganese dioxide has 
been studied in the presence of \'ariou8 amoimts of potassium, barium, 
mercur}' and aluminium chlorides, and lanthanum and thorium nitrate. 
The course of coagulation w'as follow'od by measurement of the viscosity 
and the refractive index of the coagulating sol. In agroomont with 
previous results with a number of other sols whoso coagulation kinetics 
have been studied in these laboratories (Joshi and collaborators, J. 
Indian Gh&m. Soc., 1933, 10, 329; 1933, 10, 599; 1934, 11, 133; 1934, 
11, 655-571; 572-677; 1934, 11, 797-804; J. Chem. Phm., 1935, .12, 
466) it was found that coagulation in the slow' regions show'od usually 
an initial viscosity diminution and a discontinuous variation. The use 
of the refractive index to follow the course of coagulations, develop'd 
first in these laboratories, has provided curves of striking simpheity, the 
discontinuities being spaced unambiguously and well distributed in the 
coagulation time. 

26. The effect of light on some colloids. 

P. N. Rao and M. Qubeshi, Hyderabad. 

A number of sols were exposed to ultraviolet light. In the majority 
of cases the values cf the systems before and after illumituitioii were 
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<letennined. In the case of the ferric hydroxide sol, the values as 
well as the extinction coefficients of the system before and after illumina¬ 
tion for different periods of time were determined. In the case of arsenious 
sulphide, mercuric sulphide, mastic and gamboge sols the Pjj value 
decreases on exposure to light. With ferric hydroxide sol the Pjj values 
and extinction coefficients both show a decrease on shorter exposures. 
But prolonged exposures lead to an increase in both the Pjj values as well 
as the extinction coefficients. An explanation for the changes observed 
in the Pjj values and the extinction coefficients of the ferric hydroxide 
sol has been offered. The effect of ageing on the Pj^ value of the ferric 
hydroxide sol is in the same direction as that of the ultraviolet light. 

27. Specific heat of colloidal solutions. 

S. S. JosHi and G, R. Phansalkae, Benares. 

A review of the rapidly growing and already very considerable 
literature on the physical properties of colloids shows the absence of any 
quantitative data on the heat capacity of these systems. This informa¬ 
tion is, however, of fimdamental importance in the elucidation of the well- 
knowTi effects of temperature on the different aspects of colloidal lie- 
haviour; and as such it is of more than theoretical significance, e.g., in 
the case of soil colloids. A beginning has, therefore, been made in this 
line in these laboratories in the determinations of the specific heats of 
colloidal solutions of arsenious sulphide, antimony sulphide, manganese 
dioxide, gamboge, and gum-dammer by using an adiabetic calorimeter 
with an accuracy of at least 12 in 10,000. The specific heat of arsenious 
sulphide, manganese dioxide, and gum-damraor is found to be less, and that 
of gamboge to be greater than that of water. The specific heat of antimony 
sulphide when fresh is greater than that of water; it decreases with agoing 
and finally falls to a value less than that of wat-er. A similar effect on 
the specific heat of arsenious sulphide is also found. 

28. Studies on desorptions of vapours in silica gel. 

R. C. Ray and P. B. Ganguly, Patna, 

In continuation of the previous work on the adsorption of water 
vapour by silica gel {Trans. Faraday. Soc., 1934), the desorption of vapours 
of water, alcohol, and l)enzene has been determined. The phenomenon 
of hysteresis has been discussed in the light of the foimation of loose 
adsorption compounds. 

29. The velocity of sound in air and steam in narrow tubes. 

S. K. Kulkabei Jatkab, Bangalore. 

The velocity of sound in air has been determined in smooth brass 
tubes of 9-5 mm. and .’>•5 mm. diameter at frequencies 23586. 49460, 
94500 and 127000 cycles and at 25°, 97-1° and 1.34°. The effect of these 
factors on the Helmhotz Kirchoff constant is to increase the values at 
higher temperatures. The coiTected values for velocity of air in meters 
per sec. are .345-7 at 24°, 387-4 at 97-1°, and 399-2 at 134°. For steam 
the uncorrected values are 493-3 at 94 k.c. and 494-3 at 127 k.c. in a tube 
of 5-5 mm. diameter. 

30. The velocity of sound in organic vapours. 

S. K. Kulkaeni Jatkae, Bangalore. 

Continuing previous work {Proc. Ind. Science Congress, Bombay, 
1934), the following values of the velocity of sound have been obtained 
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at 134°, at 94 and 127 k.c. in a brass tube 6’5 mm, in diameter. The 
values for two frequencies are ; 


Temperature 134°. 



94 k.c. 

127 k.c. 

CHaOH 

352-9 

352-8 

Eton 

2S4-3 

284-4 

n-PrOH 

250-7 


Tert-BuOH 

220-3 

, , 

(CH 3 ) 2 C 0 

251-1 

251-2 

ijt 20 .. 

217-4 

217-5 

Ethyl acotato .. 

195-3 

. • 

CH 2 CI 2 

210-0 

. • 

CHCI 3 

179-5 

178-1 

CCI 4 

153-0 

153-3 

C 2 H 4 C:i 2 

190-1 

190-0 


212-7 

212-8 

C 0 H 12 

202-1 

201-7 

nCoHi* 

199-5 

207-3 ? 


81. The free energy of organic compounds. 

S. K. Kulkarni Jatkar, Bangalore. 

losing llm values of equilibrium eonstants obtained by the author 
and co-workers, the free energy of formation of methyl ether, ethyl ether, 
ji-propyl ether, methyl acetate, ethyl acetate, and propyl acetate have 
lie('n calculated, ami the need for further work in this line is omphasizod 
in this paper. 

32. The corona pre.ssure phenomenon in gases under electrical 

discharges due to fields of low frequency. 

S. iS. Josiii and A, J. Hari Rag, Benares. 

It was observed that when elementary gases like nitrogen, hj’drogen, 
and oxygen were subjected to ionization by collision in the annular space 
of Siemcii's tubes, an instantaneous pressure rise of about 2 cm. Hg, fol¬ 
lowed by a Slower pressure change was observed. The influonco of initial 
pressure, applied voltage, the ionization current, fivipiency of the applied 
held, capacity (electrical) of the annular space, the type of the discharge, 
on the magnitude of the initial or the corona pressure change has been 
investigated. Detailed results are obtained for the actual temperatures 
of the gas under varying conditions of the discharge. Those data, and 
the fact that the initial pressure rise is independi'iit of the rate of electrode 
cooling, militate against tho adoption of an entirely thermal origin for 
the initial pressure change. The influence of ozone on the corona pressure 
rise has been found in general to depi-ess it. 

33. The decomposition of nitric oxide in electric discharge 

due to alternating fields of low frequency. 

S, S. JoSHi and K. S. Visvafath, Benares. 

Tho discharge tube was essentially similar to the familiar Siemen’s 
ozoniser, m the annular space of wdiich tho gas was exposed to ionization 
by collision. The potential applied was increased up to aoout 5,000 
volts (r.m.s.). The gas pressure was varied in the range 2*0 to 31-5 
cm. Hg* At constant applied voltage, duration of the reaction increased 
markedly with the gas pressure in a manner not unlike that observed 
in the case of zero-molecular reactions. Determinations of the ionization 
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current at different times during the decomposition, and of the gas pressure 
at constant volume, reveal a striking siinilarity between the ouncnt- 
time and the pressure-time curves. An intermediate formation of nitrogen 
peroxide is definitely established. The final products are nitrogen and 
oxygen in the ratio 1:1. The current flowing through the reaction 
vessel is very markedly affected by the production of nitrogen peroxide. 
Results are given for the analysis of the decomposition mixtures at different 
stages of the reaction and also for mixtures analyzed after constant 
intervals of exposure to discharge at different initial pressures. It has 
been found that increase of the gas pressure diminishes the velocity of the 
reaction at constant applied potential. This finding has boon discussed 
from the standpoint of the law of Mass Action and other theories of the 
phenomenon (Elliot, Josh and Lunt, Trans. Faraday Soc., 1927, 23, 57). 

34. Esterification equilibria in vapour phase. 

S. K. Kulkaeni Jatkar and N. G. Gajendraoad, Bangalore. 

Continuiiig the X)revioup work with silica gel as the catalyst, the 
following final values have been obtained for the percentage conversion 
of the oquimolecular mixtures of both othyl and methyl alcohols with 
acetic acid, viz. 78-6% and 13% at 230° and 250° respectively. The 
high tomperaturci coefficient is in harmony with the results of Clark and 
Essex in the range 160°-200", the importance of our results lying in the 
fact that the corrections for the association of acetic acid and com¬ 
pressibilities are negligible in the range of temperatures w’e have tried. 
The results of all workers have been correlated in this paper. 

35. The system melhylcther-sulphuric acid and w-propyl- 

cther-sulphuric acid. 

S. K. Kulkarni Jatkar and N. G. Gajendraoad, Bangalore, 

Although the system sulphuric acid ethyl ether has ))een studied 
by Pound (1921) and recently by Usanovich (1934), the study of the 
systems of sulphuric acid with other others has not boon reported so far. 
The authors have recorded the values of conductivity and viscosity 
of the system sulphuric acid-methyl ether and sulphuric acid-propyl 
other. With increasing addition of methyl ether the viscosity drops 
sharply and remains constant, and again increases rapidly when the molar 
composition of 60 per cent, is reached. In the case of n-propyi ether 
after the initial drop the viscosity attains a maximum which is one and 
half times that of pure sulphuric acid, at 60 per cent, molar composition. 
Tho maximum conductivity when corrected for viscosity shows a maximum 
at 94 per cent, of sulphuric acid in both methyl and propyl ethers. The 
results are compared with the corresponding properties of the system 
H 2 SO 4 —HjO and H 0 SO 4 —Et 20 . 


36. G)lour transformation in aqueous solutions of chromium 
chloride. 

S. S. JosHi and K. P. N. Pannikar, Benares. 

It is considered (Meunier and Les Bre, Camt, rend., 1930, 190, 183- 
185; Partington and Tweedy, Nature, 1926, 117, 415) that chromium 
chloride exists in the following isomeric forms :— 

[CrlHaOliClaPl, 2H20 (green, a-salt) j [Cr(H20)6Cl]Cl2, HgO; 
[Cr(H 20 ) 6 ]Cl 3 (violet, jS-salt). 

An exhaustive study of the conditions, and the kinetics of these isomerio 
transformations has been made by measurements of (a) electrical 
conductivity, (6) absorption spectra, (c) refractive index, and (d) viscosity. 
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Results are also given for the influence of exposure to short wave radiations 
and of temperature in the catalysis of the above changes. 

37. A study of the nature of the copper-ammonia complex 

solutions. 

S. S. JosHi and K. Vyasultj, Benares. 

A study has been made of the nature and constitution of copper- 
ammonia complexes' existing in aqueous solution and similarly coloured 
solutions obtained by peptizing cupric hydroxide with excess of alkali 
and organic hydroxy compounds like glycerol, glucose, sucrose, Rochelle 
salt, etc. Copper ammonia complex solution has been prepared by dis¬ 
solution of metallic copper in ammonia by the air bubbling process, and 
by adding ammonia to copper salts. The absorption spectra of those 
solutions are found to be similar, but colorimetric observations disclosed 
interesting differences. The depth of light absorption -^'as fotmd to be 
greater with copper-ammonia solutions than with other systems. Cata- 
phoreses and dialysis experiments indicated the presence of colloidal 
cupric hydroxide in every case. 

The influence on the viscosity of the addition of varying amounts 
of ammonia to copper salts, cupric sulphate, cupric chloride, and cupric 
nitrate was also investigated. There w'as an initial fall in viscosity on 
the addition of four molos of ammonia to one mole of copper salt. Further 
addition of ammonia increased the viscosity almost linearly. Thus the 
viscosity-concontration curves indicated only one definite broeik corres¬ 
ponding to the addition of four moles of ammonia. The results are in 
agreement with those obtained by Blanchard in his investigations on the 
viscosity of the cuprammoniura solutions. Results are also obtained 
for the variation of other physical properties, such as refractivity, in 
relation to the composition of the mixtures which is most favourable 
for the complex formation. 

38. The electronic theory and the stability of sextets. 

P. B. Sarkak and B. C. Ray, Calcutta. 

Its generalization in explaining the stnicture of simple ions, inorganic 
and organic—e.g. carbonate, nitrite, formate, etc. Detailed discussion 
specially regaiding the structure of formate ion from chemical and physico¬ 
chemical data. 

39. The kinetics of the benzoin reaction in the presence of 

solvents, 

P. S. Rege and T. S. Wheeleb, Bombay. 

Tn continuation of the work described last year, the benzoin reaction 
has been studied in the presence of diluents, like chloroform, carbon 
tetrachloride, pentane, cyZeohexane, benzene, toluene, and their chloro- 
derivatives. The rate of the homogeneous autocatalyzed reaction has 
l>eon found to decrease with incimse in the amount of the solvent. Benzyl 
chloride shows the greatest inhibiting effect. The inliibition can be 
explained on the assumption that the trace of the cyanide dissolved 
in benzaldfihyde, which is responsible for the autocatalyzed reaction, is 
precipitated by the solvent. Assuming that the heterogeneous reaction 
on the surface of the solid cyanide is unaffected, it has been found that 
the time-yield curves obtained with the inert solvents admit of a kinetic 
interpretation. Acetone htis been found fo accelerate the rate of the 
homogeneous reaction. 

■Hie reaction has also been studied in the presence of methyl and 
ethyl alcohols, ethylene glycol, and glycerol. Small quantities of these 
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alcohols gradually increase the rate of the reaction; larger ones delay 
the starting point of the accelerated reaction ; whereas still larger quantities 
accelerate the reaction right from the begiiming. Small quantities of 
polyhydric alcohols increase the rate of the reaction. 

40. The thermal decomposition of mercurous nitrate. 

M. S. Shah and B. G. Josm, Ahmedabad. 

. The decomposition of hydrated and anhydrous mercurous nitrate 
has been studied quantitatively by heating the substance in vacuo and 
analyzing the solid and gaseous products. The monohydrate loses water 
and then behaves like the anhydrous salt. The latter becomes pale 
yellow at about 46° and decomposes below 100° evolving nitrogen peroxide 
and leaving a yellow residue of the composition : HgN 03 , 2HgO. On 
further heating up to 200° no change occurs, but above 200°, HgNOs, 
2HgO loses nitrogen peroxide and is converted into mercuric oxide. At 
any stage during decomposition if the system be allowed to cool down 
all nitrogen peroxide i.s reabsorbed forming mercurous nitrate, thus 
showing that the change is reversible. 

41. The thermal decomposition of ‘ spent acetate of lime 

Balwaht Singh, Gurbachan Singh, and H. B. Dijnnicliff, 

Lahore. 

It has been found that calcium carbonate in spent acetate of lime 
is completely decomposed into calcium oxide when heated for half an 
hour at 900°C. In a current of air, quantitative decomposition took 
place at 700°C. to 720°C. and, in the presence of steam, at about 660°C. in 
the same interval of time. The spent acetate of lime, when heated at 
6.60-700°C. mixed with 10% carbon, gave a quantitative yield of calcium 
oxide in 30 minutes. In a current of air and steam the calcium carbonate 
in the spent acetate mixed with carbon was decomposed completely at 
600-620°C. in half an hour. 

42. A potentiometric study of some oxidation-reduction 

reactions. 

Balwant Singh, Ijaz Ilahi, and H. B. Ditnniolitf, Lahore. 

Oxidation with potassium iodate: —Potassium iodate has been used 
as an oxidizing agent in the potontiometric estimation of antimonite, 
arsenite, dichromate, permanganate, tetrathionate, in ferrous, stannous, 
mercurous, and thallous salts and in hydrazine sulphate by Andrew’s 
method. The concentration of hydrochloric acid was kept between 
4-5 N in these titrations. 

Oxidation with chloramine-T Potassium iodide and sodium 
sulphite have been determined by titrating them potentiometrically 
against a standard solution of chloramine-T. 

Reduction with sodium iulphite: —Sodium sulphite has been used as 
a reducing agent in acid solution in the presence of an excess of potassium 
iodide to determine iodine, potassium dichromate, potassium ferricyanide, 
hydrogen peroxide, and copper sulphate by the potentiometric method. 

43. The influence of sorbed oxygen and nitric oxide on the 

retention of carbon monoxide and sulphur dioxide 
by charcoal. 

M. S. Shah and S. G. Shaeangpani, Ahmedabad. 

The adsorption of carbon monoxide and sulphur dioxide has been 
studied at 0° on purified sugar charcoal (a) exhausted at 900°, (6) containing 
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Borbed oxygen, and (c) containing sorbed oxygen and nitric oxide. From 
tho results of analysis of the gases pumped off at 0° and on subsequent 
heat treatment of charcoal in vacuo to 170® and 900®, it is observed that 
with charcoal in (a) and (6) both carbon monoxide and sulphur dioxide 
are completely removed as such on desorption at 0° and at 0® and 170® 
respectively, while with charcoal in (c) the retention of a part of both 
these gases takes place. Carbon monoxide thus retained at 0° is evolved 
in the form of carbon dioxide on raising the temperature to 170°, whereas 
sulphur dioxide is given out along with the gas coming off at 900°. It 
appears that both carbon monoxide and sulphur dioxide thus retained 
are oxidized, by sorbed oxygon and nitric oxide on tho surface of charcoal, 
to carbon dioxide and sulphur trioxide respectively. The former is 
evolved as such, while the latter gets reduced by charcoal when the tem¬ 
perature is raised and hence is found as sulphur dioxide. 

44. Heats of adsorption of nitric oxide on cLarcoal (a) ex¬ 
hausted at 900°, (b) containing sorbed oxygen, and (c) 
containing sorbed oxygen and nitric oxide. 

M. S. Shah and S. G. Sharangpant, Ahmedabad. 

In contmuation of the previous work {Proc. Ind. Sc. Cong., 1934, 
p. 211) the authors have conducted experiments for the accurate measure¬ 
ments of— 

(T) the heats evolved during the adsorjjtion of nitric oxide at 0° 
and 1 A.P. for a iJeriod of 24 hours on purified sugar charcoal 
(«) exhausted at 900°, (6) containing sorbed oxygen derived 
from nitric oxide treatment in (n) followed by evacuation 
at 170", and (c) containing sorbed oxygen and nitric oxide 
derived frfmi the system in (a) on evacuation at 0“, and 

(II) the heats aijsorbed during the desorpt ion of each of the systems 
(a), (ft), and (r) in (I). 

From the analytical results of the gases p\imj>ed off at 0° and the 
values of the heats absorbed during desoi’ption in (11), together with 
the fact that' carbon dioxide and nitrogen am completely desorbed from 
the system at 0® (Shah and Sharangpani. lor. rit.), tho heats of adsorption 
of nitric oxi ’e per gram molecule on the surfaee of charcoal in {«), (ft), 
and (c) arc calculated and found to he 7r)13, 9G05, and 1773 calories 
respectively. 


45. On the effect of addition of mineral acids on the surface 
tensions of soap solutions. 

A. Nagaraja Rao, Bangalore. 

The influence of different salts on the detcigent properties of soaps 
has already been investigated by different workers, and the detergent 
action of soaps has been explained as being duo to tho lowered surface 
tensions of soap solutions when compared to water, wliich makes it possible 
for the dirt to get into the foam exactly as in the flotation process of 
ore concentration. The liberation of small quantities of the OH' by the 
hydrolysis of the soaps (pH thereby getting higher than 7) is also explained 
to exert its own influence in the detergent action. 

The addition of mineral acids, by pushing back the h drolysis of 
soaps and by suitably varying the Ph value of the medium, exerts its 
definite influence in the variation of the detergent action, which is hero 
measured by the variation of the surface tensions of soap solutions with 
the nature and concertration of the soap, and the nature and concen¬ 
tration of the mineral acid added. 
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46. The conductivity of pure soaps in ethyl alcohol and 

ethyl alcohol-water mixtures. 

B. S. V. K. ViTTAL and S. K. K. Jatkae, Bangalore. 

Continuing the previous work [Proc, Ind. Sci. Con., Allahabad, 
1930), the study of the conductivity of soaps in alcohol-water mixtures 
has revealed the marked influence of the addition of small amounts of 
water. The solutions exhibited a minimum depending upon the dilution, 
Walden’s rule being approximately obeyed. The effect of viscosity 
and dielectric constants of the solvent cannot quantitatively account 
for the results observed. The plot of conductivity against all suggested 
methods of calculations alw'ays exhibits a maxima or minima, and in 
some solutions both, although at higher concentrations they all yield 
flat straight lines. The behaviour observed is in agreement with the idea 
tliat in alcohol-water mixtures soaps behave as weak electrolytes. 

47. The conductivity of benzoic acid in the presence of some 

chlorides in aqueous solutions. 

S. S. JosHi atid D. N. Holanki, Benares. 

The problem arose through finding in the.se laboratories that the 
partition coefficient, CwjC j. (where Ow and Cj. denote respectively the 

concentration of Ijenzoic acid distributed between water and the toluene 
phase) usually diminished due to additions of electrolytes to the aqueous 
phase. Determinations were, therefore, made of the influence on the 
conductivity of benzoic acid solution on adding vaiying amounts of the 
chlorides of lithium, sodium, potassium, nibidium and caesium, barium, 
mercury, and hydrochloric acid. The concentration of benzoic acid 
in each case was varied in the range N/4- to JV/400. Except in the case 
of hydrochloric acid, the specific conductivities of the mixtures, especially 
for low proportions of the solute, were in excellent agreement with the 
mixture law. The possibility of the variation of the activity of the 
undissociated benzoic acid due to addition of the above substances is 
investigated, 

48. The viHCOsity of mercuric chloride solutions at 35°. 

Balbhadea Prasad, Cuttack. 

The viscosity of mercuric chloride solutions has been measured at 
35® by moans of Ostwald Viscometer. The concentration ranged from 
very ililute solutions to almost saturated solutions. In solutions where 
concentration is greater than 0-4% (0-4 gms. dissolved in 100 c.c. of the 
solution) the vnscosity concenti-ation graph is almost linear. Thus with 
resp<‘ 0 t to viscosity also mercuric chloride in solution behaves more like 
a non-electrolyte than an electrolyte. 

49. The variation of physical properties with changes in 

the concentration of HIOj, solution. 

M. R. Nayae, Lucknow. 

Experiments on freezing point depression, Raman spectra, etc. 
indicate polymeriMtion of iodic acid in concentrated aqueous solutions. 
(Zeit. anorg. Chemie., 1934, 220, pp. 163-171). Confirmatory evidence 
is available from a systematic study of the various physical properties, 
such as density, freezing point depression, refractive index, viscosity, and 
surface torsion of solutions varying from 6JV-0-012^. The graphs 
connecting these properties with concentration are similar, and in no 
case is the additive law obeyed. 
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The graph of molecular viscosity (log log concV) is a straight 

line between 0‘OIA^ and 0-5N, after which it rather abruptly changes 
direction. 

Very instructive graphs are obtained for the other properties also. 


50. The detergent action of soaps. 

B. S. Kulkabni and S. K. K. Jatkab, Bangalore. 

This paper gives the preliminary results obtained in the course 
of a comprehensive study of detergents and the detergent action now in 
progress in our laboratory. We have developed an accurate method of 
measuring the detergent action of pure soaps by measuring (1) the inter¬ 
facial tension of benzene and soap solutions with an improved fom 
of inverted pipette for counting the drop number, (2) the viscosities 
of the emulsions of benzene and water as a measure of adhesion tension, 
and (3) by the use of an inactive flocculated colloid like Fe 203 instead 
of carbon black as ‘ ideal dirt ’. 


51. The detergency of soap solutions. 

B. (t. Achabya and, T. S. Wheeleb, Bombay. 

In continuation of the work described last year, the maximum efficient 
adsorptior, pH value, drop number, lathering and wetting powers of 
dilute soap solutions have been studied. The soaps examined include 
commercial hou8ohol<l soaps, both foreign and Indian ; soaps prepared 
from vegetable oils, and also sotlium salts of pure fatty acids. The effect 
of the addition of various builders on thosf) soaps has also been examined. 
From the relative adsorption of various soaps on yam with reference 
•■o other properties mentioned, the necessary requirements for a good 
soap have boon deduced. The adsorption value can be used for evaluat¬ 
ing the detergency of soap solutions. 


52. A luhiication apparatus. 

A. Nagaraja Rao, Bangalore. 

The natme of surface films, and the orientation of the molecules 
in the adsorption layer, have at different times been studied by different 
investigators omploying widely different methods. Hardy has utilized 
the valuea obtained for the sliding friction between surfaces to interpret 
the nature of contact between them, and also the nature and the thickness 
of the air-cushion separating them imder widely different conditions. 
An apparatus has been constructed by the author for the determination 
of the sliding friction between different similar and dissimilar surfaces 
by a measurement of the limiting angle necessary to bring about the 
sliding of one surface against the other, and when in contact with different 
substances. The nature of the surface, the material adsorbed, and the 
extent of adsorption appear to be the chief factors affecting the hmiting 
angle o! sliding. The question of the smoothness of different surfaces, 
however, also makes the values obtained with diffexent suriacee not easily 
comparable. 

It is expected that this apparatus could be made to yield, in the ewe 
of lubricants, values which bear a direct relationship to the lubricating 
property, so that it would be an easy matter to assess the relative efficien¬ 
cies of different lubricants. 

12 
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53. A valve potentiometer. 

S. K. Kulkaeni Jatkar and D. N. Mehta, Bangalore. 

Continuing previous work we have now constructed a three valve 
amplifier using an electrometer triode as the first stage, as second, 
and LPg as the last stage, the arrangement being sensitive to a microvolt 
using a ballistic mirror galvanometer. 

64. A thermostat using a gas-filled valve relay. 

S. K. Kulkaeni Jatkar, Bangalore. 

The usual trouble through the sticking of the electromagnetic relays 
for thermostats can be easily obviated by using the gas-filled relays 
which can be had for any rating of current. The author has designed 
a simple arrangement using such a valve. 


55. The physical identity of enantiomers. Part III. Vis¬ 
cosities, densities, and refractivities of d-, 1-, and dl~ 
forms of wonitro.socamphor (stable and unstable), 
camphor, camphoric acid, camphoric anhydride, cam- 
phorquinone, and sodium camphorate. 

B. K. SiNOF, Kailashfati Narayan, Parameshwar Sinfa, 
Sheonath Prasad, and Nutbehari Chatterji, Cuttack. 

The viscosities, densities, and refractivities of d-, Z-, and dZ-forms 
of camphor and its several derivatives have been examined at nt 
several concentrations. It is foimd that these properties aro identical 
for the dext.ro and laevo isomeridos of these compounds ; tlius Ptistour’s 
Law of Molecular Dissymmetry holds good for these scalar properties 
also. 

The value of these properties for the racemic form of the above- 
mentioned compounds is different at higher concentrations, but identical 
at lower : thus indicating the existence of racemates in solution at certain 
coiicentrations. In dilute solutions, the racemate is completely dissociated 
into the optically active components. 

The siable (m.p. 15;i-154°) and the unstable form (m.p. 114-115°) 
of fsonitrosocamphor have been allocated configurations from viscosimetric 
determinations (c/. Thole, J. Chem. Soc., 1912, 101, 552). The unstable 
form having the higher viscosity must have tho configuration in which 
the carbonyl and the hydroxyl groups are opposed to each other, whereas 
the stable form is assigned the configuration in wliich these groups are 
adjacent. 


ORGANIC CHEMISTRY. 

56. On hydroxy-lactone tautomorism. 

Chittaranjan Barat and Basudeb Banerjee, Calcutta. 

The existence of ortZw-aldehydic and ort/io-ketonic acids in the hy- 
droxylactone forms has been proved by the formation of two different 
series of isomeric methyl esters obtained under different conditions, by 
various workers among whom the names of Meyer, Kirpal, Wegacheider 
and Goldschmidt may be mentioned. But so far very meagre attention 
has been given towards the existence of such forms iu open-chain y- 
and 8-ketonic acids. Experiments with 8-ketonic acids like j5-phenyl- 
y-benzojd- and jS-phenyl-y-toluyl-butyric acids have proved the existence 
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of such a pair of tautomeric forms by the formation of two series of 
methyl esters under different working conditions. The pseudo esters, 
however, which are in reality the methyl ethers of the lactol forms, are less 
stable than the normal esters, and are easily convertible into the latter 
modifications by the action of strong acids and alkalies. The formation 
of internal anhydrides by the action of acetic anhydride upon these 
acids also speaks for the existence of these acids in the hydroxylactone 
forms. 

57. Studies in optical isomerism. Part I. Preparation of 

dextro-m-nitrocinnamic acid dibromidc. 

P. Ramaswami ArvAE, Bangalore. 

/ ‘^ 8 ° \ 

The dextro isomer (a^ —+8'13° in methyl alcohol! has been pre¬ 
pared in 30 per cent, yield from inactive (dl) j«.-uitroc'iunamic‘ acid di- 
bromide by fractional precipitation of the brucino salts. 

58. Studies in sterit; hindrance. Part IX. Oxidative eli- 

millation of carboxyl group from 2 :4:6-trinitrobenzoic 
atdd with formation of picric acid (2:4: 6-trinitro- 
phcnol). 

J. I). Vasavada and P. Ramaswami Ayyar, Bangalore. 

Trmi(ro))onzoic acid on oxidation with potassium permanganate in 
ai Kt'One solution j'ields about 15 per cent, of trinitrophenol, identified 
as such and also by the preparation of acenaphthono jiicrate. Similar 
ox^d^^( ion of 2 : -t- and 2 : ()-dini(<robon/.oic acids is in progress. 


59. Isomerism of twetonedicarboxylic anhydride. 

R. P. Kan.shal and S. S. Deshpande, Indore. 

rechmann and Neger obtained from acetic anhydride and crude 
acotonodicarboxylic acid containing a little sulphuric acid dehydracetone- 
carboxylic acid. Willstatter used pure acetone <licarboxylic acid anol 
obtained its anhydride which melts at 147°, which is the melting point 
of the acid itself. We repeated Willstatter’s experiments, but could not 
get his anhy<lride. We got, however, another isomeric anhydride melting 
at 92°. This does not behave as a true anhydride. Tt dissolves in cold 
alkali from which it is precipitated unchanged by addition of acid. Its 
hot aquoous solution can, however, be titrated against alkali. 

11 is probably 2 : 6-dihydroxy pyrone, for like pyrones, it forms an 
addition prodind. with mercuric chloride. Moreover, as in pyrones, its 
carbonyl group is unreactive, while that of the free acid is reactive. 
Towards aniline, however, it behaves as a true anhydride and gives an 
acid anilide. 

GO. The influence of a-pheiiyl group in three carbon tauto- 
merism. 

N, L. Phalnikar and K. S. Nargtjnd, Ahmedabad. 

The object of the present work is to study the effect oi «-phenyI 
group on the mobility and equilibrium in three carbon tautomerism, and 
compare it with that of a-methyl group already noted by Kon and 
Thakur (J. Chem. Sac., 1930, 2217). The a-pheny!-aj8, jSy-imsaturated 
acids requimd for this work were prepared by the dehydration of the 
corresponding j8-hydroxy esters obtained by the method of Ivanoff and 
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Nieoloff (BuU. Hoc. Chim., 1932, 51, 1325). The study is at present limited 
to the following compounds : 

«-phenyl-ci/clopentylidene-(oycZopentenyl) acetic acid, 
«-phenyl-ci/clohexylidene-(c 2 /ciohexenyl) acetic acid, 

a phenyl- a“(^ ^)-hexenaic acid. 

Experiments on the equilibration of these acids under the standard 
conditions of Linstead aixd his co-workers are in progress. 

61. Constitutions of phenylglutaconic acids and esters. Part I. 

a-Phenyiglutaconic acid. 

N, L. Phalnikab and K. S. Nabgtjnd, Ahmedabad. 

9 C-Phenylglutaconic acid has been synthesized by a special method 
{Bombay Univ. Jour,, 1935). It seems to be trans a^-acid as it docs 
not readily yield an anhydride and gives benzoic acid on oxidation by 
dilutee potassium pennanganate. Several ftmetional derivatives such 
as silver, lead, and copper salts, anil, anilic acid, and anhydride have been 
prepared. The ethyl ester prepared through the silver salt gives a 
characteristic sodio derivative when treated with sodium ethoxide or 
molecular sodium. Experiments on methylation of the sodio derivative 
are in prf)greB8. 

62. Reactivity of formic acid. 

L. S. Heble and T. S. Wheeleb, Bombay. 

Previous work on the reactivity of formic acid on compounds contain¬ 
ing a reactive halogen atom has been -extended. The kinetics of the 
reaction of anhydrous formic acid with benzyl chloride has been worked 
out. The formates of sodium, potaasium, and ammonium accelerate 
the reaction. The kinetics of the reaction with acid chlorides is now 
being studied. 

♦ 

63. Studies in cbloralamides. 

N. W. Hibwe and J. S. Deshpande, Bombay. 

Amides of o-, m-, and p-toluic acids were condensed with chloral 
and the respective cbloralamides fR‘CO‘NH’CH(OH)CCl 3 ] obtained. 
Dimethylsulphate gave methoxy-derivatives, benzoyl chloride gave 
benzoyl derivatives and anliydro-compoimds, acetic anhydride gave 
anhydro-compouuds and acetyl-derivatives with alkali or concentrated 
HgSO*. 


64. The reactivity of a-chlorine in cbloralamides. 

« 

N. W. Hibwe and B. V. Patil, Bombay. 

Chloralamide derivatives of 3-bromo, 6-bromo, and .3 :5-dibromo. 
salicylic acids and their methyl ethers on treatment with phosphorus 
pentachloride gave ti-chioro-derivaMves RCONH-OHCPCCls which react 
with water, methyl alcohol, ethyl alcohol, ammonia, aniline, o-, m-, and 
p-toluidines. 

66. The reactivity of a-chlorine in cbloralamides. 

N. W. Hibwe and (Miss) K. D. Gavankab, Bombay. 

Chloraleunide derivatives of 3-nitro-, 6-nitro-, and 3 : S-dinitrosalioylic 
acids and their methyl ethers on treatment with phosphorus pentachloride 
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gave a-cAZoro-derivatives fRC()‘NH*CH(Cl)-CCl8] which react with water, 
methyl alcohol, ethyl alcohol, ammonia, aniline, o-, m- and p-toluidines. 


66. Oxidation of alcohols by means of nitrogen peroxide. 

P. S. Varma and C. Satyanarayan, Benares. 

When methyl, ethyl, propyl, iaopropyl, butyl, isobutyl, amyl, and iso¬ 
amyl alcohols are treated with nitrogen peroxidt either alone or in presence 
of substances such as vanadium pentoxide, thorium oxide, cerium oxidt* 
and mercuric ixitrate, alkyl nitrates are the main products obtained ; 
but when these alcohols are brought in contact with nitrogen peroxide 
in the gaseous state, specially in presence of vanadium pentoxide, thorium 
oxide, cerium hydroxide, and mercuric nitrate, varying yields of the cor¬ 
responding acids are obtained. Vanadium pentoxide gives the best 
yield of the acids, 85% from ethyl alcohol, 75% from proi)yl alcohol, 
73 % from wopropyl alcohol and wobutyl alcohol, 72% from butyl alcohol 
and 61 % from normal primary amyl alcohol. 


67. StudioH on the addition of hydrogen halides to unsaturated 
conjugated systems. 

S. N. Ganguli, Kasauli. 

1 . Addition of hydrogen bromide to butadiene leads to the produc¬ 
tion of 1 : 4-bromobutene-2 only. 

2. Addition of hydrogen chloride to butadiene loads to the formation 
of t wo i.somorides, namely (o) 1 :4-chlorobntene-2 and (fe) 1 :2-chloro- 
buteiio-3. 

The properties of these addition products have been compared with 
authentic spcidmons of the same prei)arod sjnrthotically, in order to settle 
their const itution and thereby to locate the position of the new entrants. 

An explanation has been advanced to interpret the results obtained 
in the light of the modern concepts of the oloctronic theory of valency. 

6K. The action of malouic ester upon woproj)ylidene inalonic 
ester. 

l^ C. Gtjh4 and V. K. Subramanian, Bangalore. 

Molecular proportions of sodio-nialonic ester and isopropjdidene 
malonic ester on being heated in a sealed soda water bottle at 150-60^’ 
for 24 hours yielded a product, the w'ator soluble portion of which on 
acidification gave an oil. The aquoo\4s sodiiirn carbonate extract of the 
oil on acidification and purification by crystallization from alcohol gave 
a solid, m.p. 107°, identified to be phloroghiciuol dicarboxylic ester. 

From the residual oil after sodium carbonate treatment, 'i>oj)ropyl- 
idene dimalonic ester could be smoothly distilled. Action of alkylene 
dihalides on the disodium and magnesium derivative of /wpropylidcno 
dimalonic ester is under investigation. 


69. On cyclization of methylene dimalonic ester. 

P. 0. Gfha and V. K. Subramanian, Bangalore. 

Methylene dimalonic ester (1 mol.) on being heated on c water-bath 
for 4 hours with alcoholic sodium ethoxide (1’2 mol.), and the product 
being worked up, gave an ester, b.p. 116-18°/3 mm. It gives colouration 
with ferric chloride and a solid derivative with phonylhydrazine. Work 
is in progress to elucidate the structure of the compound. 
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70. Halogenation. Part XIX. The effect of ultraviolet 
light on the halogenation of some aromatic hydrocar¬ 
bons. 

P. S. Varma and R. Pichai, Benares. 

Benzene, toluene, o-xylene, m-xylene, p-xylene and peeudocumene 
have been brominated in ultraviolet light either alone or in presence 
of halogen carriers such as aluminium-mercury couple, pyridine, iodine, 
iron filings, red phosphorus, aluminium chloride, etc., additive as well 
as substitution products—substitution in the side-chain as well as nucleus 
—have been obtained in varying yields. 


71. Halog(‘nation. Part XVlIl. Bromination of toluene. 

P. S. Varma and A. Krtshnamtjrthy, Benares. 

Bromination of toluene has been carried on exhaustively in sunlight 
alone, or in sunlight in the presence of substances such as aluminium 
dust, aluminium chloride, aluminium-mercury couple, stannic chloride, 
lanthanum chloride, yttrium chloride, zirconnim oxide, thorium chloride, 
cerium chloride, lead peroxide, red and yellow phosphorus, phosphorus 
tribroraide, vanadium trichloride, yellow sulphur, selenium, tellurium, 
uranium nitrate, molybdic acid, manganese chloride, potassium perman¬ 
ganate, chromic oxide, iodine, nickel bromide, palladium chloride, iron dust, 
ferric chloride, and ferric bromide- In accordance with the effect produced 
on bromination, the above substances can be divided into four classes : 

(i) those that have no effect on bromination at all, i.e. the products 

obtained being the same as those obtained in sunlight alone; 

(ii) those that yield only p-substituted nuclear compounds with a 

certain quantity of the side-chain substituted halogen 
derivatives; 

(iii) those that yield both o- and p-substituted nuclear compounds 

only, the p-substituted derivative predominating in some 
cases and the o-substituted in others; 

(iv) those that yield both o- and p-substituted nuclear derivatives 

as well as side-chain substituted ones. 


72. Bromination of substances containing two aromatic 
nuclei. Part III. Bromination of substituted phenyl 
salicylates. 

Y. I. Rangwala and G. V. Jadhav, Bombay. 

In continuation of previous work {Proc. Ind. Acad. Sciences, 1936, I, 
Q\(i, and J. Indian Chem. Sue., 1936, 12, 89) p-cresyl salicylate, p-nitro- 
phenyl salicylate, and p-chloro-phenyl salicylate were prepared and 
brominated. The brominated compounds were purified and found 
identical with p-cre8yl-5-bromo-salicylate (m.p. 96-99“), p-cresyl 3 :5- 
dibromo-salicylate (m.p. 161'), p-nitro-phenyl-6-bromo salicylate (m.p. 
213°) and p-chloro-phenyl-6-bromo salicylate (m.p. 102-104“). The above 
esters wore prepared for identification from 3-bromo-and 3:5-dibromo sali¬ 
cylic acid and the different cresols and phenols. The above results show 
the strong directing influence of the OH group in the salicylic acid nucleus 
over that of CHj and Cl group apart from the deactivation caused by 
the presence of the nitro group in p-nitrophenylsalicylate. 
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73. o-Aldehydo-carboxyJic a(!ids. Part III, A synthesis of 
4 : 5-methylene-dioxyphthalaldehydic acid. 

S. N. Chakravabti and. M. Swaminathan, Annamalainagar. 

4 . 5-Methylenedioxyphthalaldehy(lic acid, for the synthesis of which 
an unsuccessful attempt was made in 1927 by Stevens and Robertson (J. 
Chem. Soc., 1927, 2791), has now been synthesized from 4 : 6-methylonedi- 
oxyhomophthalic acid, which in its turn was prepared from piperonal 
through the corresponding hydrindono. 4 ; 5-Mechylenedioxyhomophthalic 
acid on oxidation with selenium dioxide in benzene solution gave the corres¬ 
ponding phthalonic acid, the aniline derivative of which on being boiled 
with dry xylene was transformed into anilo-4:6-raethylenedioxyphthal- 
aldehydic acid, m.p. 187°. Tho latter on hydrolysis gave 4 :6-methy- 
lenediox;v^hthalaldehydic acid, m.p. 167°. The aldehydo-acid on reduction 
.vith sodium amalgam gave 4:5-methylenedioxyphthalide, m.p. 189°, 
which was also obtained by decarboxylating 4 : S-methylenedioxyjihthal- 
idecarboxylic acid, m.p. 223°, obtained by the reduction of 4 ; 5-methy- 
lenetlioxyphthalonic acid. 


74. On some poJybasic acids. 

P. K. Paul, Calcutta. 

The following experiments were performed in order to prepare some 
intermediate products which wore required in a scheme of synthesis of 
cochino'lic acid. 

m-Cresol was condensed with chloroform in presence of caustic soda 
solution giving rise to 2-hydroxy-4-methyl bonzaldehyde (b.p. 219°-221°) 
vhich was methylated with methyl iodide. The 2-methoxy-4-methyl 
benzaldchydo (b.p. 260°-253°), thus obtained, was condensed with malonic 
acid to yield the corresponding cinnamic acid derivative (m.p. 211°-212°). 
This was then reduced to the hydrocinnamic acid derivative (m.p. 95°). 

The constitution of 2-methoxy-4-methyl-benzaldehyde has been 
verified by its sjmthesis from methoxy-m-cresotinic acid, which was in 
turn converted into the amide (m.p. 143°)—nitrile (m.p. 71°)—aldehyde 
(b.p. 251°-252°) and cinnamic acid (m.p. 211°-2i2°). 

75. The synthesis of coumarins and chromones from phenols 

and ^-ketonic esters: Coumarins and chromones from 
4-chloro-l -naphthol. 

D. Chakkavarti and P. Bagchi, Calcutta. 

In view ot the work of Doy and Laksrninarayanan (J. Indian Ghem. 
Soc., 1932, .9, 163), who obtained a chromone by condensing j8-naphthol 
with acetoacetic ester using HgSO* as condensing agent, and the obser¬ 
vations of one of us (Chakravarti, J. Indian Ghem. Soc.. 1932, 9, 32) 
that chloro-, bromo-, and nitro-phenols yield chromones according to 
iSimonis’ method using phosphorus pentoxide, the condensations of the 
haiogenated and nitronaphthols (a- and )3-) with j3-ketonic esters have 
been studied. 

4-Chloro-1-naphthol (Kast, Ber., 1911, 44, 1337) has been condensed 
with acetoacetic ester and its C-alkyl derivatives using sulphuric acid 
(Pechmann’s reaction) or phosphorus pentoxide (Simonis’ reaction). 
In the presence of sulphuric acid coumarins are always formed, but the 
yield diminishes markedly with a heavier substituent in the acetoacetic 
ester molecule. Wlien phosphorus pentoxide is used 4-chloro-l-naphthol 
gives coumarins with unsubstituted acetoacetic ester, but C-methyl-, 
C-ethyl-, and other 0-alkyl-acetoacetic esters give a good yield of chromones 
forming characteristic styryl derivatives. 
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76. Preparation of higher fatty-acyl derivatives of a-naphthyl- 

amine. 

P. S. Vaema and C. Seinivasmurthyachab, Benares. 

Attempts have been made with success for the preparation under 
ordinary conditions of caproic, caprylic, iauric, myristic, palmitic, and 
stearic acid derivatives of a-naphthylamine which have been obtained 
Jjefore by heating at high temperatures in sealed tubes. 

77. Studies in the chemistry of amidines. 

A. P. Khanolkar and T. S. Wheeler, Bombay. 

By condensing benzotrichloride with m-toluidine in nitrobenzene, 
di-{m-tolyl)~benzamidine was obtained. With chloroformic ester it gave 
a product of the formula C( 5 HjyC(;NC 6 H 4 CHa) (•NC 6 H 4 CHjj) (COOEt). 
]h-(m-tolyl)-benzamidine, di-( 7 >-nitro-phenyl)-benzamidino and di-(m-nitro- 
phenyl)-benzamidine were methylated and methyl derivatives obtained. 

On oxidation, diphenyl-benzaraidine gave a compound of the cons¬ 
titution [CttHfiC { : NCfiHr,) (•NCeHB)]2. 

N'-{p-nitro-phcriyl)-N~{p-methx)xy-phenyl)-benzamidine, N'-{di-m-p- 
methyl-phenyl)-N-(p-niirophenyl)-benzamidim, N'-{m~nitrophenyl)-N-{p- 
nitro-phenyl)-benzamidine have been prepared. The tautomerism of the 
amidines is being studied. 

78. Studies in the chemistry of amidines. 

S. P. JosHi and T. S. Wheeler, Bombay. 

(1) Di-(fi-ch]oro-phenyl)-benzamidine, (2) N'-(/j-chloro-phenyl)-N- 
(phony])-benzamidine, (3) N'-(ju-ethoxy-phenyl)-N-(p-chloro-phenyl)-bon- 
zamidine, have been prepared and methylated. Indication of tlie forma¬ 
tion of two methyl derivatives has been obtained with (2) and (3). The 
tautomerism of other unsymmetrical amidines is being investigated. 

79. Styryl-amidines. 

R. C. Shah and M. M. SmiKi, Bombay. 

As styryl-amidines have not hitherto been prepared, a number of 
typical styryl-amidines, which were also required in connection with other 
work, have been prepared for an examination of their chemical properties 
by condensation of cinnamanilidos with arylamines in the presence of 
phosphorus trichloride. The following amidines have been obtained: 
Diphenylcinnamamidine, phonyl-p-tolyl-cinnamamidine, phenyl-o-tolyl- 
rinnamaraidine, phenyl m-tolyl-cinnamamidine, phenyl-jo-methoxy- 
phenyl-cinnamamidine, phenyl-p-ethoxy-phenyl-cinnarnmnidine, Di- (p- 
methoxyphonyl) cinnomamidine, di-(p-ethoxy phenyl) ciimamamidine. 
All the amidmes are yellow crystallhie solids. Some reactions of the 
amidines including bromination and reduction have been studied. 

80. Imido-chlorides. Condensation of iV^-phenylurethane witli 

benzanilideimidochloride. 

R. C. Shah and H. P. Ghadiali, Bombay. 

Benzanilideimido-chloride, when condensed with the sodium deri¬ 
vative of .^-phenylurethane in ethereal medium, gave the condensation 
product phenylimmobenzyl-A’-phenyl urethane, m.p. se", whose consti- 
tntion was proved by its synthesis from diphenylbenzamidine and ethyl 
chloroformate. Various reactions of the condensation product have been 
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studied. The action of bromine gave a dibromo addition product, and 
the action of aromatic amines gave characteristic derivatives. It is 
easily hydrolyzed by hydrochloric acid into benzanilide and phenyl- 
urethane. Reduction by aluminium amalgam yielded the reduction 
product, which is readily and smoothly hyrdolyzed to give benzaldehyde in 
almost theoretical yield. This provides a valuable new method for the con¬ 
version of an aromatic carboxylic acid into the corresponding aldehyde. 


81. Imido-cMorides. Reactions of oxanilideimidocLloride. 

V. R. Heeeamaneck and R. C. Shah, Bombay. 

Oxanilide-imido-chloride was prepared according to the method 
r f Bauer ^Ber., 1907, 40, 2663). With aniline it afforded the corresponding 
diamidine, m.p. 166-158° (hydrochloride m.p. 242°). On condensation 
with ethylsodiomalonate in toluene, it gave the condensation product, 
in.p. 128-130°, which has been cyclized by the action of heat into 4 :4'- 
dihydroxy-3 : 3'*dioarbethoxy-2 : 2'-diquinonyl, m.p. above 300°. Con¬ 
densation with the sodium derivative of urethane, yielded a crystalline 
product, which is being investigated. 


82. (Condensation of epichlorhydrin with resaeetophenone. 

D. R. Nadkakni and T. S. Wheelbh, Bombay. 

In continuation of the work with glyceryl chlorhydrin described 
last year, the above condensation was investigated and found to give 
tlu-ee ethers under suitable conditions : chlorhydrin ether, mono-glycide 
ether, di-glycido other. The former two gave on hydrolysis the mono- 
ether obtained in the condensation of glyceryl chlorhydrin with resaceto- 
phonone. These ethers can be converted into one another under suitable 
condil.ions. 

The ehnlkones obtained from the mono- and di-ethors from the latter 
condensation, gave on treatment with selenium dioxide mono- and di- 
flnvones, wliile with hydrogen peroxide they gave mono- and di-ftavonola. 


83. Reactivity of p-anisylidene-p-methylacetophcnone. 

M. Nadkaeni and T. S. Wheeler, Bombay. 

The dibromido (TI) of 4-inethoxystyryl-p-tolylketono (I) gives when 
heated with methyl and ethyl alcohols a-p-toluoy]-a-bromo-^-4-methoxy- 
pheuyl-)5-methoxyethan6 (III) and a-toluoyl-a-bromo-j8-4-mothoxyphenyl- 
^-eihoxyethano (IV) respectively. With excess of bromine, (I) yields 
the dibromido of 4-moth(>xy-3-bromo-8tyryl-p-tolylketone (V), which 
with methyl and ethyl alcohols gives respectively a-jo-toluoyl- 
nc-bromo-j3-4-methoxy-3-bromo-phenyl-j8-methoxyethane (VI) and a-p- 
1 oluoyl-K- bromo-jS-4-methoxy- 3- bromo-phenyl-jS-ethoxyethane (VII). 

(V) with potassium iodide in acetone gives 4-methoxy-3-bromo-Btyryl- 
p-tolylketone (VIII) the constitution of which will be confirmed by its 
synthesis from 3-brumo-p-anisaldehyde and p-methylacetophenone. 
(II) with pyridine gives a-toluoyl-a-bromo-j8-4-methoxyphonylothylene 
(IX) and it is also obtained by heating (III) or (IV). (V) with pyridine 
gives a-toluoyl-^-4-methoxy-3-bromophenylethylene (X) which is also 
obtained by heating (VI) or (VII). (II) and (V) with KCN in alcohol 
yield (8-p-toluoyl-a-4-methoxyphenylpropionitrile (XI) and /8-p-toluoyl- 
a-4-methoxy-3-bromophenylpropionitrile (XII) respectively. (XI) is 
also obtained from (I) and HCN. 
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84. Reactivity of piperonylidene-p-methyl*£icetophenone. 

A. M. Wareier and T. S. Wheeler, Bombay. 

The dibromide (I) of 3 :4-methylenedioxystyryl-p-tolyl-ketone (II) 
v\hen boiled with methyl and ethyl alcohols gives respectively, a-p- 
tohioyI-a'bromo-^-3 :4-methylenedioxypheny]-j3-methoxy-ethane (HI) 
and a-j5-toIuoyl-a-bromo-j8-3 : 4-methylenedioxyphenyl-/S-ethoxy-othane 
(IV). With excess of bromine, (II) yields the dibromide of 3 :4-methyI- 
enedioxy-6-bromo-styryl-j3-tolyl ketone (V). This with methyl and ethyl 
alcohols gives respectively, a-p-toluoyl-a-bromo-jS-S ; 4-m6thylenedioxy- 
6-bromo-phenyl-^-mothoxy-ethan6 (^T) and a-p-toluoyl-a-bromo-j8-3 : 4- 
methylenedioxy-6-bromo-phenyl-j8-ethoxy-ethane (VII). (V) with po¬ 
tassium iodide in acetone gives 3 : 4-methylenedioxy-6-bromo-st3rryl-p- 
tolyl ketone (VTTI), the constitution of which is fixed by its synthesis 
from 6-bromo-piperonal and p-methyl-acetophenono. (I) and (V) with 
pyridine give respectively, a-p-toluoyl-a-bromo-j8-3:4-methylonedi- 
oxyphenyl-ethyleno (IX) and a-p-toluoyl-a-bromo-^-S : 4-methylenodioxy- 
6-bromo-phenyl-ethyIene (X). (X) is also obtained from (V) by the action 

of one nsolecule of sodium methylate. (I) and (V) with KCN in alcohol 
yield respectively, a-3 : 4-methylonedioxyphenyl-^-jn-toluoyl-propionitril0 

(XI) and a-3 : 4-mothylenedioxy-6-bromo-pheiiyl-j8-p-toluoyl-propionitri]e 

(XII) . (XI) has been synthesized from (IT) and HCN. 


85. Condensation of i)henols with succinic anhydride. 

J. D. Raval and K. S. Nargund, Ahmedabad. 

Viurious phenols have been condensed with succinic anhydride by 
Friedel and Craft’s method using acetylene tetrachloride as the solvent. 

Phenol gave y-keto-y : 2-hydroxy-phenyl-butyric acid, m.p. 146°. 
identical with the acid described by Rosenmund and Schapiro {Arch. 
Phnrm., 1934, 313). 

o-Cresol gave two products; (i) y-keto-y:2-hydroxy-3-methyl- 
phenyl-butyric acid, m.p. 136°, (ii) y-keto-y: 4-hydroxy-5-methyl-phenyl- 
butyric acid, m.p. 184°. 

m-Cresol gave y-keto-y: 2-hydroxy-4-methyl-phenyl-butyric acid, 
m.p. 154°. 

p-Cresol gave y-keto-y; 2-hydroxy-6-methyl-phenyl-butyTic acid, m.p. 
137°, identical with the acid described by Rosenmund and Schapiro 
(Joe. cit.). 

The constitutions of the above keto acids were determined by first 
converting the phenolic group into the niethoxy group and then oxidizing 
the methoxy compound. All the acids were characterized by the pre¬ 
paration of derivatives, such as methyl ester, ethyl ester, phenylhydra- 
zones, etc. Further work on the condensation of substituted phenols 
and naphthols is in progress. 


86. Condensation of nitro-phthalic anhydrides with phenol 
and anisole. Part II. 

P. C. Metter and P. C. Datta, Calcutta. 

3-Nitrophthalic anhydride condenses with phenol, in presence of 
aluminium chloride, giving 3-mtro-2 (2'-hydroxybenzoyl)-benzoic acid. 
{PrcK. Indian Science Congress, 1935, p. 154.) Curiously enough, 4-nitro- 
phthalic anhydride could not be condensed with phenol uiider the same 
conditions. 

S-Nitroi^ithalic anhydride condensed readily with anisole, giving 
two products, among which 3-nitro-2 (4'-methoxybenzoyl)-benzoic acid 
predominates. With 4-nitrophthalie anhydride and anisole a mixture of 
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4-nilro-2 (4'-methoxybenzoyI)-benzoic acid and C-nitro-2 (4'-inethoxy- 
benzoyl)-benzoic acid is obtained in ulmost equal quantities. On rodue- 
tion, foJlowecl by diazotisation anil ring closure and subsequent demetliyla- 
tion, the nitro-bonzoyl benzoic acids gave 2 : 6 and 2 : 7 dihydroxyanthra- 
quinones respootivoly. 

87. Studies in the woflavone series. 

P. C. Mittee and S. S. Maitea, Calcutta. 

Attempts at conversion of 2'-t'-dimethoxypbonyb2 : 4 : fi trihydroxy- 
acetophenono (Proc. Indian Science Gongrcus, 193.'), p. l.'iS) into isoflavono 
by treatment with ethyl fonmto and molecular sodium failed. On heating 
with sodium aootato and acetic anhydride, followed by hydrolysis, we 
obtained 2-methyl-5 : 7-dihydroxy-2' ; 4'-dimethoxy-wofiavono, m.p. 
21.3-214°. 

88. Condensation of bromo-salicylaldehydes with phenols and 

amines. 

K. )S. Venkat Raman and P. S. Vaema, Benares. 

The condensation of aldehydes with phenols has been previously 
studied by several investigators. By condensing 1 moloculo of the al- 
doliydo witb 2 moloculos of the phenols in prosonc.e of sulphuric acid 
(d. 1'840) at about 100°, Sen and Sinha (J. Amer. Chem. Soc., 1923, 2984) 
obtained the corresponding fluorones at one stage. In the present paper 
.'5-brorao-, 3 : 5-dibromo-. and 3-broino-6-nitro-8alicylaldehydo8 have been 
condensed with various phenols like resorcinol, pyrogallol, etc. and phenolic 
acids like gallic acid according to the above method. The condensation 
products aro generally fluoroseent and possess dyeing properties. These 
products on bromination yield compounds wdiich are much deeper in 
colour. 

The above aldehydes havo been condensed with 2 molecules of dime* 
1 hyl- and dielhyl-anilines in presence of fused zinc chloride or concontratcil 
hydrochloric acid to yield triphenylinothane dyes. The Icuco bases aro 
green in colour and these on oxidation give gi-een dyes. 

89. The condensation of aldehydes with malonic; acid in the 

presence of organic bases. Part IV. The condensation 
of piperonal and the formation of j»ij)eronal-acrylic 
acid. 

K. C. Pandya and T. A, VAraoY, Agra. 

In the studies of the condensation of piperonal with malonic acid 
in tho presence of traces of pyridine, the yield of the unsaturated acid 
was found to be theoretical (Kurien and Pandya, J. Indian Chem. Soc., 
1934, 11, 826). The condensation has now been investigated in the 
presence of a large number of organic bases and also of ammonia and 
ammonium malonate (Knocvenagel). The organic bases tried wore ; 
andine ; o-, m- and p-toluidine: a- and jS-naphthylamino; piperidine, 
methylaniline, ethylaniline, diphenylarnine; pyridine, lutidine, quinoline, 
^9oquinoline, quinaldine, diethylaniline, and dimethylaniline. In every 
case the base was 0-16 molecular proportion, tliis being increased to 
0’26 mole also in the case of piperiiJine. Good yields, up to 97%, were 
obtained. The piperonylacrylio acid, even after repeated purifications, 
melted at 242° (decomp.), and its identity was confirmed by analysis. 
The m.p.8 recorded by earlier workers were lower (ef. 232°, Lorenz, Ber, 
13, 767; 238°, Perkin, J. Chem. Soc., 1891, 152; 232°, Dutt, J. Indian 
Chem. Soc., 1926, 1, 300; 240°, Kurien, loc. cit.). 
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90. Interaction of sulphuryl chloride with compounds con¬ 

taining two aromatic nuclei. 

D. R. Sukhatankar and G. V. Jadhav, Bombay. 

The work described last year {Froc. Ind, Science Congress, 1935, 
]). 136) has been extended to the benzoyl derivatives of p-phenetidine, 
p-anisidine, m-xylidine, and naphthylamines. 

Sulphuryl chloride acts as the chlorinatiug agent in each case and 
chlorine enters the beisic nucleus. The nitro benzoyl derivatives of 
O', m-, and p-toluidines have also been investigated with similai' results. 

91. Derivatives of hydroxy-naphthoic acid. 

S. N. Rao and G. V. Jadhav, Bombay. 

Extending the work previously communicated, clilorination and 
bromination of l-methoxy.2-naphthoic acid was carried out. The 
constitutions of the resulting prodxicts have been established and a numlaer 
of derivatives prepared. 

Bromination of the arylamides of 1-hydroxy-2-naphthoic acid was 
earned out in stages when mono- and dibromo compounds wore obtained. 
The constitutions of those compoimds have been confirmed by synthesis. 

92. Action of hydrogen sulphide on chalcono oxides. 

Miss B, N. Katrak and T. S. Wheeler, Bombay. 

When chalcono oxides are heated with HgS, the oxide ring is opened 
and hydroxy-mercaptan derivatives are formed. An examination of the 
products obtained in this way from a number of chalcones is in progi’oss. 

9J. Chalkones and flavones from 2-acetyi-ro8orcinol. 

1. Z. Saiyed and T. S. Wheeler, Bombay. 

2-Acetyl-resorcinol has been condensed with bonzaldehyde, sali- 
cylaldehyde and o-chloro-benzaldehyde ux presence of alkali. The 
condensation products are mixtures of chalkones and flavanones. The 
condensation of acetyI-)3-methyl-uinbelliferone with various aldehydes 
is also being examined. 

91. Additive compound.s of chlor-acetic acids with a few 
amines. 

K. S. Venkat Ramah, Benares. 

When warm benzene solutions of o-chloro-aniline, p-chloro-aniline, 
jjid |S-naphthyUwnine are treated with mono-, di-, and trichloracetic acids 
in the same solvent and allowed to cool, needle-shaped crystalline additive 
compounds are obtained. Tlio readiness with which the pure additive 
products could l>e prepared and their sharp m.p.’s make them useful 
for the identification of these amines. All the compounds are white 
turning grey on exposure for a long time, difficultly soluble in the ordinary 
solvents, easily soluble in alcohol and water. Strong alkalis generate 
the respective bases. 

95. The reactivity of conjugated systems. Part VII. Con¬ 
densation of 1: 2-diketones with cyanoaoetamide. 

Chittaranjan Barat and Basudeb Banerjee, Calcutta, 

This tj-pe of reaction has not Ijeen undertaken so far, except in the 
case of benzil (MacRae and Kuchnern, J. Amer. Chem. Soc., 1930, Ski, 
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3379), where the absence of a labile hydrogen atom precludes the formation 
of an enolic phase, and consequently it reacts purely in the ketonic form 
in the usual way. 

In the course of the present work tlio condentotion has been carried 
out with such 1 :2-diketones that possess an enolic phase, e.g. o- 
eyeJo-hexane- and o-cyefo-pentane-dione, diacetyl, etc. The reaction 
proceeds in the manner described in earlier works of this series, the 
ethylenic linkage getting preference over the ketonic, such that the 
primary addition takes place at the ethylenic bond followed by the elimi¬ 
nation of water between the enolic hydroxyl and the amino groups. That 
one of the ketonic groups is left intact is proved by the formation of 
semicarbazones from the condensation products. The work has also 
been extended towards ori/io-quinones, e.g. phenanthraquinone, aconaph- 
thaquinone, etc. Here, however, the condensation takes place through 
tl'.e ketonic groups only for reasons stated above. 


96. Studies in bridge formation. 

P. C. Gtjha, Bangalore. 

The bridging of succinosuccinic ester with methylene iodide and 
ethylene bromide was first tried by Baeyer {Ber., 1892, 25, 2123), evidently 
without success. 

Dry sodio-derivative of succinosuccinic ester when boiled under 
reflux during 72 hours with ethylene and trimethylene bromide yields the 
exi)ectod bridged compounds, m.p. 112° and 132°. That the reactions 
have not taken place in the enolic phase is proved by the fact that the 
bridged compounds give disemicarbazonos. The bridged esters are easily 
hydrolysed by boiling with 60% HCl. It is interesting to note that 
the bridged diesters cannot be easily docarboxylated, and this behaviour is 
in marked contrast to that of succinosuccinic ester which gives 1 : 
4-dikotohexamothylene on being heated with water at 200°. 

The compound obtained by the action of iodine or bromine on succino- 
Buccinic ester and to which a bridged structure was given before (Gaind 
and Guha, Sci. Cong. Abstracts, 1934) has been proved to be dihydroxy 
terphthalic ester. This observation is important because it proves the 
instability of Dewar’s structure of benzene which immediately on formation 
by the present method rearranges into the ordinary Kekule phase (c/. 
Ingold, J. Chem. Soc., 1922, 121, 11.36). 

Tetramothyl- and dimethyl-succinoauccinic esters are being prepared 
by the action of sodium on asym-dimothyl- and monoinothyl-succinic 
esters which are expected to yiekl interesting bridged compounds. 


97. SjTithetic experiments in the pinone group. Part 1. 
Synthesis of cispinononic acid and ketonopinone (4:6- 
diketonopinane). 

P. C. Guha and K. Ganapatht, Bangalore. 

A series of synthetic experiments starting from norpinic acid have 
been instituted with the object of synthesizing pinene and its important 
degradation products. Tratw-norpinic acid, obtained by the method 
of Kerr with alight modifications, is converted by means of acetic anhy¬ 
dride into cw-norpinic anhydride wliich with an equimolocular quantity 
of sodiiun methoxide gives the sodium derivative of cis-uurpinic acid 
monomethylester. The acid chloride of this acid ester, prepared by 
treatment with thionyl chloride, furnished with zinc methyliodide evt- 
methylpinononate and a small amount of a solid, m.p. 72-74°. The ester 
on hydrolysis yields cw-pinononic acid. 
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Methyl pinononate on treatment with sodium in toluene solution 
or sodium othoxide in alcoholic solution smoothly undergoes cyclization 
yielding ‘ ketonopinone ’ (4 : 6-diketonopinane) which exhibits all the 
properties of a j3-diketono and gives a copper derivative. The consti¬ 
tution of this compound is confirmed by hydrolyzing it to pinononic acid 
with baryta. Work is in progress for the reduction of this diketone to 
nopinone and nopinane. This is the first total synthesis of a bicyclic 
compound of the piuene series. 

98. Synthetic experiments in the pinene group. Part II. 

P. C. Gtjha atiA K. Ganapathi, Bangalore. 

As an alternative route to ketonopinone, cis-norpinic acid diethyl 
ester is condensed with ethyl acetate in presence of sodium whereby 
an oil, b.p. 66-67®/6 mm., and an undistillable product are obtained, the 
former exhibiting properties of a j8-ketonic ester. 

The synthesis of ds-i : 4-dimethyl-1 : 3-diacetylcyciobutane, which 
on dehydration is expected to yield verbenone, has not so far been 
achieved from cis-norpinic diaoid chloride by the action of either MgMel 
or ZnMoI. In the former case, an undistillable neutral product with a 
strong terpene-like odour and in the latter a neutral (probably a lactonic) 
product crystallizing in needles, m.p. 9fi°, together with an oil were ob¬ 
tained, none of which gave semicarbazonos. 

Another synthesis of nopinone through the following steps is in 
progress : cimorpinio anhydride-methyl norpinylmalonate-^pinylmalonic 
acid-mJinjw/TO. homopinio aeid->nopinone. 


99. Bicyclo-{l : 2 : 3)-oetane-2 : 4-dione. 

P. C. Guha and S. K. Ranganathan, Bangalore. 

Semmler and Bartell’s {Ber., 1907, 40, 4596) l-acetylcyciopentane-.‘l- 
carboxylic acid (I, R=H) obtained by oxidizing santene has been syn¬ 
thesized starting from ctV-cj/ciopentanc-1 : 3-dicarboxylic anhydride. Tho 
groat difficulty attending the preparation of tho starting material by the 
older methods has been overcome by subjecting the cyclic tetra-ester to 
the action of 60% hydrochloric acid resulting in the formation, in one 
stage, of cis and tram diacids. 


- o 

1 

— CH. CO CH3 

CH2 
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-CO 

1 


CH2 
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CH^- 

— CH —COOR 
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- CH — 
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Tho monoacid monomethyl ester obtained from tho cis anhydride by the 
action of methyl alcohol gives the corresponding acid chloride (p-toluidide, 
m.p. 118*5°) which furnishes the ketonic ester (b.p. 99-100° ; I, RssCHg ; 
semicarbazono, m.p. 138°) on treatment with ZnMel. The acid (I, E.=H) 
boils at l45°/3 ram. (semicarbazono, m.p. 169°). The acid is identical 
with Semmler and Bartelt’s compound. 

Various experiments were conducted with a view to obtain the 
interesting diketone (II) from (I, R=aCH 3 ). The ester seems to be fairly 
stable to the action of sodium in benzene or ether solution, but in alcoholic 
solution, along with the acid (1, B—H) which is the main product, a 
small amount of the diketone (m.p. 123*5°) is formed which with semi- 
carbazide gives a solid, m.p. 224°. 
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Exporiments are in progress towards obtaining (II) in sufficient 
amounts to reduce it to homo-«ofcamphor. 


100. Experiments towards the synthesis of bicyclo-(0 : 3 : 3)- 
octane. A synthesis of l-acetyl-cyctopentane-2-car* 
boxylic acid. 

P. C. OnHA and S. K. RanganathaN, Bangalore. 

With the object of synthesizing derivatives of the bicyclio compound 
(I), cis-l-acetyl-cj/cfopentane-S-carboxylic acid (II) has been sjmthesized 
as follows : 


— 

CH2 

\ 

CH2 — 


CH 


CH 

(1) 




CHg 


CH 2 


CH2 


CH- 


CH - CO CH3 


CH ~ COOH 

(H) 


Porkin’spentane-l 5-tptracarboxylicester {J. Chem.Soc.. 31, 244) 
was prepared according to the improved method of (hiha and Seshadriengar 
{(^irrenl i^cie.nce, 1934, 3, 21), b.p. 196-202'’/4 mm. The ester is smootlily 
cyclizod wit.h broiriine to give a good yield of the pure ring tetraester, 
b.p. I 75 -I 8 O 74 mrn. The ci«c/ycZoi3eutane-l : 2-dicarboxylic anhydride 
was fibtained from this after the method of Perkin. The monoacid 
nK'uomothyl ester gives the anhydride when distilled; the monoacid 
cidorido boils at l07°/4 ram. Thi» ketonic ester corresponding to acid 
(II) was obtainod from it with ZuMol (b.p. 9473-4 mm. ; semicarbazone, 
m.p. 140 ). The acid (II) boils at 142°/3 mm. (semicarbazone, m.p. 176'’). 

Korappa and Rohrmann’s (Annalen, 19.34, 509, 259) reaction on 
the anhydride gave only a small amount of a lactone b.p. 143-145725 
mm. but not the expected ketonic acid (II). 

Ex])eriracnts are in progress to effect ring closure of the ketonic 
e.ster corresponding to the acid (II). 


101. Work ou the synthesis of thujane skeleton. 

P. (1 Guha and 8. K. Ranganathan, Bangalore. 

Ciscyclo propane-1 :2-dicarboxylic anhyride has been prepared witli 
a view to convert it into h\('yclo-{(i : 1 ; 3)-liexane-2 : 4-diono via the 
ketonic oster (c/. preceding abstracis). Experiments arc described show¬ 
ing tlie action of malonic ester upon the anhydride, with a view to 
obtain idtimately \>\cyclo-((i : 1 ; .3)-he.\ane-4-one. 


102. Studies in bridge formation ; Attempts to synthesize 
bicyclic terpenes of the thujane group. 

P. C. Guha and N. K. Sishadeibngab, Bangalore. 

All attempts to prepare solid derivative of the bridged ester (rf. 
I'mc. lud. Sc. Conyrcfin, 1936, p. 142) proved futile although the unbridged 
ester gave solid derivatives with hydrazine hydrate (m.p. 156-57°) with 
phenylhydrazine (m.p. 150°) with aniline (m.p. 262°) and with alcoholic 
anunonia (m.p. 226°). Controlled hydrolysis of this bridged ester by 
dilute acids and water under pressure has been studied and the resulting 
products are being investigated. Reduction of this bridged 2 ; G-cyclo- 
hexanonodicarboxylic ester with zinc amalgam is in progress. 
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cyc/oHexanone-2 :6-dicarboxylate on hydrolysis with 10% methyl 
alcoholic potash gives a compound, m.p. 126®. It is soluble in hot alkali 
but does not come down on cooling or on acidification. It does not 
give any colouration with ferric chloride. 

103. Attempts to synthesize bicyclic terpenes of the thujane 

group. 

P. 0. GtTHA and N. K. Seshadriengae, Bangalore. 

Ethyl cycjopentane tetracarboxylate (1 ; 1 : 2 :2) has been prepared 
in a better yield and on being subjected to alcoholic sodium ethoxide 
treatment gave a liquid b.p. 106-110°/5 mm., a solid m.p. 162-63® (identi¬ 
fied as cycZopentane trana-\ : 2-diacid) and another thick viscous undis- 
tillable liquid closely resembling the bridged ester described in the pre¬ 
ceding paper. These products are being further investigated. 

104. iVor-caryophyllenic acid. 

S. K. Banganathan and N. K. Sbshadriingae, Bangalore. 

The recent investigations of Ruzicka, Simonsen and others {Helv., 
Ohim. Acta, 1936, 18, 219; J. Ghem. 8oc., 1934, 1806; ibid., 1935, 532; 
Ohem. and Tnd., 1936, 54, 151) have shown that norcaryophyllenic acid 
is 1 : l-dim6thyl-cyciobutano-2 : 3-dicarboxylic acid. A synthesis of this 
acid is possible by cyclizing 2 : 2-dimethylbutane.l : 1:4 : 4-tetracarboxylic 
ester with bromine and subsequent hydrolysis followed by decarboxylation. 

Contrary to our expectations, the reaction of isobutylene dibromide 
with malonic ester in alcoholic solution gave ethane tetracarboxylic 
ester along with some imreacted malonic ester. Heating the magnesium 
derivative of malonic oster with the halide in alcoholic solution under 
pressure gave a small amount of a high boiling oster. The rather low 
yield of this substance, together with the announcement of a successful 
synthesis of norcaryophyllenic acid by Rydon (Ghem. and Ind., 193.5, 
54, 316 ; ibid., 1395, 54, 669) has made us suspend this investigation. 

105. Action of alkylenedihalides on ethyl cycZopentane-l-one- 

2:5-dicarboxylate. 

P. C. Guha and N. K. Seshadriengae, Bangalore. 

The action of ethylene bromide on the disodium and magnesium 
derivatives of the keto diester is described. The action of other dihalogen 
compounds is imder investigation. 

106. Action of alkylenedihalides on ethyl cyck)hexane-l-one- 

2:6-dicarboxylate. 

P. C. Guha and N. K. Seshadriengae, Bangalore. 

Experiments are described showing the action of ethylene bromide 
upon the disodium and nu^esium derivatives of cyck>hexanone-2; 6- 
dicarboxylic ester. Investigation on the action of other dihalogen 
compounds, e.g. methylene iodide, trimethylene bromide, isobutylene 
bromide, etc. are in progress. 

lOT. Action of trimethylene bromide on acetonedicaxboxylic 
ester; A new and more convenient method of syn¬ 
thesis of ethyl cyc/ohexanone-2 :6-dicarboxylate. 

P. C. Guha and N. K. Seshadriengae, Bangalore. 

The reaction of sodium or sodium ethoxide with aoetonedioarboxylic 
ester is always attended with the formation of phenolic bodies (Jordan, J. 
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Chm.. Soe., J887, 71, 1106) and according to Perkin {J. Chem. Soc., 1887, 51, 
739 ; cf. 1936 Sci. Cong. AbstractsNo. 104) of compounds containing oxygen 
in the ring. Hence, it was considered desirable to try a milder metallio 
derivative. Trimethylene bromide reacts with the magnesium derivative 
of acetonedicarboxylic ester to yield the expected ethyl cycl!ohexaaone- 
2 ; 6»dicarboxylate, b.p. 14473 mm,, phenylhydrazone m.p. 160°. This 
new method is more convenient to work with and the yield compares 
favourably with that obtained by the older method {cf. 1935 Sci. Cong. 
Abstracts No. 106). 


108. On the actipn of ketones and ammonia on alkylene bis- 
cyanoacetic esters. 

P. C. Guha and S. K. Ranganathan, Bangalore. 

Cliiaroschi obtained aryl and alkyl substituted dicyanoglutarimides 
by (jpndensing cyanoacetic ester with ammonia and ketones. The present 
investigation was imdertaken with the object of sjmthesizing bicyclic 
compoimds of type (IT) by the action of ammonia and ketones on alkylene 
tp'scyanoacetic esters of type (I). 

^CH(CN) cooet: 

{CH2)t\ 

'^CH(CN) cooa 
(r) 


(CN)-CO 

(CH2)-n /CR 2 /NH 

\ / / 

(CN) — CO 

(n) 


iMethylene biscyanoacetic ester could not be obtained according to the 
method of Higson and Thor^ {J. Chem. Soc., 1906, 89, 1458) though 
i .'peated under various conditions for more than a dozen times, but the 
desired ester has been obtained in poor yield by the action of methylene 
iodide on sodiocyanacetic ester, b.p. 200-6°/25 mm. The above ester 
(1 mol.) condensed with acetone (1 mol.) in presence of ammonia (3 mols.) 
to give a yellow crystalline substance, m.p. 256-59°. From a cold alkaline 
solution of tx.is substance on acidification was obtained a colourless 
crystalline solid, m.p. 272° (decomp,). Experiments on the preparation 
of bicyclic compoimds of type (II) starting from ethylene 5p.vcyanoncotic 
ester aro in progress. 


109. Diraothylamino- and diothylamino-phenylimino-cam- 
phors—reagents for mercury. 

Mahan Singh and H. B, Dunnigliff, Lahore. 

The alcoholic solution (1%) of the dimethyl compoxmd gives a deep 
scarlet colour with mercurous and mercuric salts. The diethyl compound, 
however, gives a deep violet coloration with mercurous and mercuric 
salts. reagents do not give any indication with Pb, Cu, Cd, Co, 
Ni, Fe", Fe*", Ca, Ba, Mn (ous) and Mg salts. Bismuth salts give a feunt 
pink coloration along with a small amount of white precipitate. 

The spot reaction can be used to detect 1 part of HgNO,., or HgCls 
in 60,000 parts of water. A drop of Hg-salt gives a rich pink spot wWch 
vanishes on exposure to the vapour of ammonia, but a drop of mercurous 
nitrate gave a fnnge round a white spot. On exposure to ammonia, 
the spot ohemged to black. These experiments are being continued. 

13 
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11(». Rolary ])Owcrs of somo isubstitulcd canii)hom]ulic acids, 
Mahan SiNonfna/H. B. DiinniclifI', Lahore. 

Th<- piiper doscri})L's tli<‘ rotulory powors of 2'- aiul 4'-ethy]-, IF- and 
f -uitro-, 2'- and 4'-aniino-. 2'- and d'-fliioro-, 8'- and 4'-a<*<‘U>-, ami 
‘V- and 4'-ac'otylamino-(:anij)h(iranih(‘ aruU. Tlio effect ol lluoriru) is m 
as'n'.ement. wiili (liat of other lialogc'u al.oius. The aniniu- and aoeto- 
groups in tiio pam posit'on prodiice an evullation m tim rotatory power. 


IIJ. {!ond('iisations of fmil and furoin. 

A. (’. SiKf’AK and S. (;i;ha, LaltaiUa. 

Hciizd and hi'nzuiu are very well adaptetl for \arions types of eoudeii- 
sat ions fdapp wid H(»oker, J. (Uwm. Soc., IS84, 'J', G72 ; Japp and K(Jtitison, 
'ihul.. ISS2,'i', H2ti Ansefmtzan<J (Jeldermaiin, 1 SlU, Abs. 72"*: .la]>p 
and .Murray, ibnl.. lHt(4, 8Si>; Japp and Meldriirn, ibnl., 185)!). T, 1027, 
et/C.y. ]Vlan> ot tliese couflensution jiroducts are very interosting f)ot h from 
the theondieal as veil as praetieai point of view. It was. theretore, e\- 
peeted that llu' tuitc'i’oeyelie eonijioiinds fnrd and furoin would also 
\ leld a seru's oJ .siindar eondeusatioii jirodiiets. ]ii tfie pre.seut jiapi-r 
11 large number ol siieli condensation jiroduets have been described. 


iJ2. Velocity of tnuisforniation of I : .‘5 : fi-trikotoncs into 2 : b- 
disuhst ituted 4-])yvoiies. 

(1. W. (iUHNis. \\'. B Bhaobat, and S. S. DtiisiiAi’ANDE, Jndore, 

d’lie transformation o) 1 : 2 ; o-triketone .such as diaeetyJaeetone 
into diinoth^ljnrone with loss of water is .sujiposed to lie <lia- to the 
dehydrating action of ilie .soheni in which the reaction takes jilace The 
aiitliors. how'over, lind that no .such deliydrating conditions are necessary 
and that a tnkotono clianges spontaneously into its pyrone in nou-deliy- 
drating solwut.s in the prt'seni-e of a catalyzer. The velocity of this 
eliauge is measured and the reantion is found to bi* strictly uniiiioleeulaT. 
Since till' total change is the reHult of these changes, nanu'ly (n) tautomeric 
interchange bet ween the koto and dioiiolic forms of tiii' triketonc, and (/<) 
conversion of tlio dienol into pyrone, the equation 


I , a 

— log- 

/ a —X 


=A- 


m 

I r in 


is derived on assumption that change ia) is rapid and reversible while 
( 6 ) is slow aitd non-revorsible. 

Tlio atiuly of transfonnation of acetone dioxalic ostor, diaeclylacetone, 
dipropionylacetoue and benzoylaci'tyl acetone has shown the* effect of 
the gi’Otips carbetho.vy, nu'tJiyl, etc. on the velocity constant of the 
reaction. The groups arrai ged in the decroa.sing order of thoir effects 
are 

fOoK-t ■ and tIHs > CFI 3 > 


112. On the synthesis of Bz-tetrahydro-einnhoniiiic acid. 

LAiaprasanna Basp, Calcutta. 

The pn'ht'iit work liti.i Ix'en undertaken with the intention of syn¬ 
thesizing a U/.-tetrHhydfo-cuiehonuuc neid wliieh would i*e nspiircd for 
another purpose. lq> till now a dtcarbowlic acid (I) has btien obtained 
by hydrolyzing with .1 '’aiistic pota.sh solution (lo^,,), the condensation 



(33) 




195 


product formed by suujdy itiixnig ctbxl /}-iiiuuiocroioii<itc vvith C;/clo- 
jicxanoiio-S-oxaliiic ihuh : 


+■ II 

H2'\/Ah hc cooet 
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COOH 
COOH 


1’ho first coiKlciisid lou prndiict, cl liU 2 -nn-tli 3 -l-B-c-totriili\dro-(|miu>- 
liu<'-.‘{ : ■l-dicarbox\lti1c. is a refractitig _velio\v liquid, li]i l!tl''.j ituti. 
Tins oil hv'droivsis gave the acid |l) as a cTyslalliiK' ''olid. m.p. 272-7o 
oil (le<‘()tnposiiiou Ktirlher work is iii progress. 


111. Oxidation of qtiinoliue-siilphoim; acids 
K. V. BftKIL, Altiiit'daliad 


Oxidation of f|inuolme-H-su)pliouie acid uiili .i-lk.i.liiie KAliiO| gn 
along with ((uinnhiiie acid. onl\ a veiy small <]uautit \ >>t ■_’-amino-;}-sul{)lio- 
bt'uzoic acid (Znrilior, Hvi., 18SS, Vi, l!^0). 

11. howi'cer, qunioliue-S-sulphonie aeitl is first, reduced, acot^dated 
i.u.i then oxidi/ed. the |)yridiiw ring is proferoiil iall.\ broken, and a fir)",> 


} ’ 


'ii ot an acid-di-potassiuni 


salt of 


COOH 

/CO COOH 



CO CH3 


S 03 H 


(') 

( 2 ) 

(3j 


.s obtained. 

Attempts to li.vdroly/.e tlii,s with either eojieeiitrated aqueous or 
aleoh‘>hc KOll have been so far misiieeesslul. When boded with eoneen- 
traied H<U (tor halt an hour), it was partially h\drulw.t'd. and an aeid- 


(’(H)H (11 

mono-[intassium sail of (11) NH.(!<)('(iOH (2) 'vas isolated: A 

SO^H Cf) 

small part 's also fnrl.her h.\'(lrol\'zed with the lormatioii ui Iree amino- 
siiljiho-bonzoie and, sinee (11 tlie aqneons solution gives the eharacterist le 
hlne Ihioreseeiiee, and (2) a small ()nanlit_v oi oxalie aeid formed, is 
|•(‘eo\eled. It boiling svilli HCI is eoiitinneil lor n longer jjeriod, the silb 
stall'■ (111 i.s eoiiipl(*t.(‘l> d('(‘omj)osed 

A siiml<i.r oxidation ot aeel \'l-letr<ih\ dro-.i oiiinohne-siilphonie acid 
is under investigation. 


115. On Koint' Motjuiiiolinc enmjioinnls. 

P. K. Pafl, C’tilctiftii. 

With a view to hinld iqi some eveqiiinoliui skeleton, ha' mg 111 Hie 
main that prixsent in eiuotine, the jiresent iiieee ot jiiehniinari work lias 
laien umlertakou with the following results. 

Hoinoveratne ai id has been eoiiden.ied with lormaldeh.ide and the 
resulting laelone {m.( lt)0') has been condensed with d-verairvl 
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ftJn iamiiii'. giMTiir n>'(‘ to (v Mibslanoo (m.j). tjf tlio following cons- 

tilutjori. 



Tlic siiitiihlr fondition for it^ ritig i lo.siiro into flic coiTcs])oufliug 
'M'(|muo|ii(c (|cri\!itivc is l)(‘ii\g stiiilic<|. 


11*1. KxptM'inu'jits 1)11 tlio syjillicsis of .ilkaioidvs belonging to 
(•li(“li<loiiitit*-cli('lct vtiirim* gfotip. Part 1. Sytilliosis of 
a-iuiplitliaj)li<Miiii)thriiliii(', the paiiait sMl)Kt;im-(‘ ol the 
tri'oii}). 

S. X. ('ll \KHAVA[’.Ti <111(1 M. SwAAiiiNATHAN. AnnafritilaiiitigaT. 

A Ljciicnil mcllioil fms Ix-'cii worked onl; tiy one ol us (S. fl ) tor 
-vntliesi/ino ilie ulUnloids helorigiuo |,i elielidoniiie-eln lerylliriiie j^roiip. 
Ill 11 . .series ol iireliininiiry explor'iitory e.'vjierinieid.s, we tirsf nltempted 
1 tie sMit iiesis ot 7 nii.])htiin])lien!Ud.])ndiiu' in file following luiinui'r , 

/l-l(eii/.o\ l-7.-t»lieii\l|)ro|>ioiii( ,ieid, jirejinrt'd aeeordmg 1o the diree- 
tioiisot l.,ii|i\\ortl), \Mi,s (irsi reduced fo ay-diplieiiylhiltyTic acid, und tlio 
Litter eyelized to 1-Leto ^-jiliouv 1-1 : 2 • It : +-tet.rjih_\droimiihtliideue. ni.]). 
7.”'' In itieiuis of eonei'tilrated sidiiliiirie iwid. Tin' civime, in.i). lltO'’, 
of the Ketone was lediieed to 1 •iunmo-2-]ilienyl-l :2:.‘!:'l-letni,li\dro- 
iiiijiht liiilene and alleiiijits iinwle to efleet the- ring closure ot the f<n'iu\i 
and aeet\i derivative ol flic lalter 1o a eonipound of the lyj)e ot a-iuifiii- 
iliajiiiaraiilhridiue. 


117. Vasteini'. 

J. X. I? \V. Laliore. 

A review of the litis’.ii me of vasieine. 

1’lie ei'u.stiiulioii ot delis droueetv J-vasicine and the oxidation iirodiiefs 
with liv di’oi'eii ]><'roxide ne di.seussed. An alfomative synthesis of 
vasieme IS also descritied. 


llx. En])oi iinents on llie syiitIiesis of yohiiitbinc. Part I. 

Yobyrine. 

.1, X. Lahore. 

^-Iiuhhetiiylannnt' is lonverfed into tetrahydro-jS-earholine. The 
N O-cyanolienzA 1 derivative is converted to an aldehyde by Stephen’s 
reaction. Cyelization leads to yobyrino also obtained from yohimbine 
bj' si'leuiiiin ilehydrogenal ion. 
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1 J 9 . Studios ill tlu' ajitlirjujuiiiono s(‘n(‘s. 

1*. V. iVIjTTER and Mrss Tavima SEN-(iuPTA, (Jaloutta. 

In iit't.ein|»toig to |)ivparo anthnKpiinouo-carlxixyJic acids oi 
tho morindouc type, w(' osidiwd I-a(‘i‘tc)xy-2-iiielhoxy-(i-ni('lhyl-fuithni- 
(juiuone with ctiroinio iicid and on d«ac(‘t_\ lat lu;? tlio product, olttainod 
l-hydroxy-2-mcnioxy-anl.lira(piinoiLedi-curl)o\y!ic acid, in.j). I!),') 

Noxt, (>]iianic acid was coiidcuscd with methyl .>-l)romo-sfi.iic\ Ifite, 
in pres('nc(‘ of .sid])hnric acid wiieu fi (i-di nctlto\'y-2-(2'-li> droxydO 
carl)omt*t.hoxy-(l'-)in)ni()pti('iiyl) yihtlialide. m.j*. 215''. was obtained. On 
hydrolvsis it sra\c tlio corrcsjxiudinR acid, m.p. . Rcdi.' tion of llie 
jihthahdi' witii zinc dust and caustic soda .5; (i-dimethoxy-2d2' 

hydroxy-,‘{'-carlKixyberi/.xi) licnzoic acid, m.p. 22,')'’. >icithcr tlie acid 
• I ir its la’omo-dcrivat'ivc could be converted into the corrcspomhng 
1 Itb’-OIK'. 

I:i0 Dvos of tho trinmitio-tripiionvIiiKdliaiio sori s. 

K. S. Venkat JiAATAE, lioiiiires. 

p-J >imet li\l.|.minoi)enzald(‘h\dt' has bei'ii coudi'Used with two mole- 
(u)e.., of metli>l-uuiliiie,eth\l-.mihne, diethtl .mihiie. metli\Ibenzyl-aniiine. 
be,l/vl-a.mhlie. otolllidiue, p-toluidiue, etc. m ])l'eseuee ot i oneent r,lt ed 
IKd. fo \ leid d\es oi the eiw.stal ^’lolet t \ pe. The 1-uco bases liius 
obtained are tana easily oxidized, uiidergoinc' slow oxidation even on 
exjiosuie, Till' leneo liases of the cryslid vmlet senes seem to e,'t <ix'i- 
dize<l mindi iiinn' easily than the ineinln-i‘s ot the m.i,jii.ehile giei'u series, 
riie d\es olilaineii Ironi tliesi- compounds rauiZe in eolour lielw,-eu blnisti 
\ e ‘el to violet, 
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2-(()-t.tothyl)-t lii<)imphl]iouo-;to(']ia])ht li\l('iic-iiidio( is. 

iS. K. (It IIA, Ptilnu 

li' cont imial ion oi |m.rts ill and IN' in this .senes (lodia. Jndetn 
I In'in. Sur , !l. 1211 ; ihiil . ItlTl. i(>. (i7!l). I Ins in\est ilmI ion was uiider- 

ia.Uen to prepare dyi's Irom .leenaplitlieneipiiiioiii and its ^.ulons 

deri\a1i\es and (> nn‘(hvl-I!-hvdiox\-tliionajihllieue (l),l{ I* Nr 2hl7t<,‘l; 
Fricdl.nider, , ■'iStt , .\nwers and Ttiii s. Un.. I!I2I», 22h.‘i) wifli <i view' 

to exa.mining thi' effect, if an\. jii'odtu'cd on the eolo ir ot t'lba se.irlet 
<1 (iJe/d'ik and J’'Medla,nder. Monat^h.. I'.dts, .‘{Sti, M.l’. llHllS) by 
the inlroduetioii of (’IT [-eron]i in ihi' ti position ol the dnonaphthen(> 
micleus, and how lar this effect can lie eom|)ared \Mth 2-(o-meth\I] tliio 

na]ihthene-iicenaplith.vletie-iiHhJOS poili.i, l<ir. '-it.) which were loiind 

to be deejier in colour than (Jiba seaik't (I and its hrlooen deii\.lines 
(jMa\i r and Schunfi Ider. lltr, 1!)22, .i.i. 2il72 : (bitia. l<i<. 'it ) 

]2'J. Till' itnportaiict' of phytostoiA I ;l(•(■'■ll(■ test ftit dciccfiou 
t)] h\droftmialnd fals in ^li(*t‘. 

K. j\\ liAtiClll and N. S. .Mazi mdau, I'atnn 

'I he [ill.ytosterol Hceta,te test 'm- deteeiini.'' \egetable tats III elc'e 
becomes nnndiable when ajiphi'd to mixtiire.s ot ghee and hydrogenated 
tats (vcaetable ghee), owing to eoini'rsion o| the phytosterol into ri sinoiis 
hydrocarbons during hydrogena.1 ion at high teinjieratures (2aU ) 

d’iie iollowing ob,sen at ions ma.\'. tht're/oie. be helplid I delect h.\- 
ilrogomited fats in ghei' by this method : (1) J''orni,ition ot brown re.siiioiis 
droplets on cooling a hot alcrdiolii' solution ol 'he re.sa])onified sa.m|iie 
or its ether ('.xtra<'',. (2) ruder the mieroseope the tipiea.l eiiolesteiol 

crystals partially covi "ed with the amorphous deposit are .-I'en but no 
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I2f). Essential oil of Blumea eriantha. 

V. C. Amin and M. S. Patel, Bombay, 

Blumea eriantha is one of the most common weeds in the Bombay 
I'residency. It has been well-known that this plant yields essential 
oil possessing camphor-like odour. Blumea plants grown in Bombay 
were collected and distilled. The plants on distillation yielded oil with 
the following constants:— 

Specific graviuy at 3t°—0d)290, Acid value—0’86, fciaponification 
value—34’5, Ester value—Boiling point—224', 

Work on the constitution of the oil is in progress. 

Samples of oil have boon sent to Germany and the U.K. for evaluation. 
If the price offered compares favourably with the cost of prodiiclion, 
the distillation of Blumea eriantha is likely to be a good small scale 
village industry in some parts of the Bombay Presidency. 

130. Ensential oil from tlu* rhizomes of Cyperua rohmlus. 

Limi. 

B. J, Hkgj)E and B. Hanjiva Bao, Bangtdore. 

The oil has been oiitairu'd in an yit'ld of 0-f» per cent., and found 
to consist mainly of two bicyelic s<>sc]uiter[icne.s, a si'condary alcohol 
^' 15 ^ 20 ^ and a ketone Oir.ffogt). 

131. Studies ill platit eolouring matters: IMorollin. 

B. San.iiva Rao and K. S. Suukamanian, Bangalore. 

,\ crvsiallini' mono-giian_\ I liydra/.one {("nlbtTtlTXj: Ju.j». 2e<) ' ; 
(oc/,, - 7 IS") of moi-('llin (Xj),-- has been pn'pari'U, oul\' one of 

the two kelo groujih reacting witli the reagent. On Insion ot morellin 
with ])ota.sh. acetic acid. maml.\' o'-ovaleric acid, a dii'iirboxx he acid 
(GdHkiO^; in.]). I7(> ), optically inactive ’lU'lhyl-hepteiiol, a ditertiary 
glycol (f’lolbjih^^ii) having a strong odour of amvl alcohol, and I 
xyleuol have been obtained. The glycol ami the solid acid are being 
further investigated, 

132. A note OH llic es.seiitial oil from the rhizoine.s of Jtkanu 

anodi. Wall. 

M. (Ijiorsb IMoHirooiN, Bangalore. 

d’he volatile oil obtained Irum the aleoliolic extract (yield O-O.j per 
cent.) has been ex'umimsl. It is eoiiiposed of iMigenol uliose odour is 
eharaeti rist if of the drug and a secoiulury alcohol which is probably 
mothyl-n-hej)(yl alcohol. 


133. Investigalions on the aeid contents of kokam, Oarcinia 
in dim. 

A, A. Kn \-N and K. C. Panjdva, Agra. 

In an iiivestigatum on the aeid content of Garcinia gambofiia, known 
in Malayalam as ‘ Kadumpuli ’ and in Bombay as ‘ Vilaj’ali Imli it was 
found that the dried riiulot tbetruit contained tartaric aciil, very much 
liko tamariml itself {•/. Indian Chem. Soc.. 1931, 8, 469). Garcinia mdica 
is very much used in the west and central India, and pre-ferrod to tamarind 
as an acid element. .An aualvsis of the dried and salted fruit shows 
that in this case all the aeid is malic acid, about lO",,* hut there is no 
tartaric acid. The ash contained phosphates, carbonates, potassium, 
calcium, iron, anti pos.sibly sodium. 
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134. Investigations on aincluir, (he* peeled dried unripe mango 

fruit, Mangifera indicn. 

K. (J. Pandya and R. K. Bountra, Agra. 

'I’ho dried imripo iimngo fruil. takes ilio plaee of kok airi of tlie wos) 
and tamuriud of the soutli and south-west, in the north, pari leiilarly in 
the United Provinces. It is Jaiown as .Anieinir or merely Khatai. Jl 
is found to contain tartarie acid (about f)"o), citric acid (aliout 4‘’„), aiul 
oxalic acid (about 1%). The ash shows I’.ie presence of phospluiie, iron, 
aluminium, calcium, magnesium, potas.sium, and sodium. 

Investigations of other jilaut-jmtducts used as souring elements 
of our diet, are in i>rogrcsK. 

135. Mamifaeture of taniiie acid frotii mjroltoiatis. 

S. B. SiTNTnANKAR and S. K. K. .Iatkak, Bangalore. 

Ify tivating myrobolan exiraci with alununa more ol (annins were 
removed than non-taimins, although the eolour of the product was quite 
s!i.lisfaetory. Fractional ]}reeipitalion with increasing (|iianlities ol 10 
p< r cent., k’ad acetate' soiutiou and decomjiosilion with siiljiliiiri' acid 
showed that the ratio of tannins to nou-taniuns is aiijiroxinutteli the same 
in ali hut l.hi' first ])rpci]ii1ate. i'ixtraction with a Ivallerv of six vats 
shows that most ot the tannins arc extracted hy water at 70'. about seven 
lines till' quantity of myioholan. (’ooling Ihi' extraet to 10' caused the 
sc]»araiion o' a good di'al of colloidal mattir witlimit ajijireciahlo 1o.--s 
ol tannins, f’lie t'xiraci on evaporation and dr\ lug in vacuum wus 
loiiiid to ho. equal to eommereinl lannie aeid in dveiug oiierntioiis. 


i3<). (.■hciiiical invustigtitioji ol nii ticid isoliilctl from Ananas 
P. K. Bose anti |S, Bhatt.U'IIAUYa. Uileiifta. 

A crystalline aeid has been isolated li\ Dr. H. t’. (!uha. It has the 
eoinposil ion, i"-P* lilO-lill’ . It does not reduce Fihliiigs 

Ol aminouiaeal silver iiitra.te solulions. it does iioi give any eoloui 
reaeliou with alkaline (/-dinitroheiizene (Hose, Z. inidl. ('Iiciii.. I!).‘{J. ,V7. 
1 10) even alt r hydrolysis with acids or alkalies. This jiroves the ahseiiee 
of -(’t)-t!Hl)H- group m the aeid or in the hvdrolyzed products. ]t does 
not char with eonr. JlgSOj (hot). It is oiilieally iii.ictive ami gave no 
colour with neutral lerrie chloride solution. Holeiit loinelrie titration 
mdieated the jiresi'nee ot one -COgH groiqi and the e(pu\'al''nt. weiglit 
W'as found l.o h,' ^.’lO On Imiling w'lth dilute alkali (I'xeess) it wa.s ajijia.- 
rentl,\ coiiv'cried into a trihasie aeid. With diazomcthaue it gave ,i 
crystallirio compound, iii.ji. Til 7-1 . jiri'siimahly the methyl ester, which 
dist'iled unehanged at Ha-OO" !)• I iiiin. 'J'he aeid on distillii.1 ion at 1411 
45“/0’03 mm. W'as eoiiverlod into a neutral body m.p. 121 2il , 

(tu' aqueous soiutiou ol which was very stable. 'I’lie aeid is believed 
to hi' the anhydride of a saturated trihasu' aeul or a dilaetonie aeid. 

137. Oil oroxyliii. 

P. K. Bose and H. Bafkeiuee, (!alcu((ti. 

Oroxylin. DioH]m.p. indelinile above 220 ', wa.s i.sola.lefl Irom 
Oroxi/iuin iitdicum by Naylor and Dyer (./. ('hem. Sor., 11)01, ..7, 11,74) in a. 
yield ot 0‘2%. They ohlaiued iihluroglueinol, and benzoic acid, .is 
degradation products. On oxidation phthalie aeid was obtained. Dy 
a modified method we have obtained 2'8";, of crude product from whii h 
three crystalline compoauds have Ix'en isolated, viz. (i) iirownish yellow, 
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m.p. ti7' (Mfltl whifh Hgn>o<l in ]m)pt>i‘1 ies witli Njiylor and 

Dyer s orowliii; (li) hrittht yellow, ni.p. 2I1.1-37' (yielil 0‘8"o); (iii) l)riglit 
\eliow needles. 212 lo" (_\ielcl Jioth (i) anfl (li) formed 

licet \ I den\'}ilives which are easily li_\droly/.ed to the parent comjiouuds. 
They are not authrH<|uiiioiie derivatives, (i) gives an orangt' red ])roei- 
]atate with acidified lead acetate and is unstable towards alkalies, (ii) 
is stalile towards alkalies and does not form any salt' wnth acidified lead 
solutions. On treiitnient with diHZoinetha.ne (i) is converted into a yellow 
ery.stallinc substance, ni.p. 2ij5 ;{7"', not identical with (ii). 

13S. Chtditical cxaniinafion of the fniifs of SoJonum nigrnm. 
J’ait T. Its eonstitiieiits. 

(I. PETQDSfi; and N. (Jhatak, Gwalior. 

20 kg. of the Irnith of this highly medicinal jiln.nt lla^e been extracted 
with various solvents. The extracts are under systematic exaniination. 
A pale vellow, seini-drviiig oil to the I'xteiit of about 10"', of the dried 
seeds o' the fruits has been obtained. The juice is under exaniination 
ior its alkaloidal eoutents and also estimation of its organic acids. The 
husk and the seerls atti'r the oil has been extracted off have been exhaus¬ 
tively extracted with alcohol. The aleolmlic extracts of both are umler 
iurther exiuninat ion. 

13{l. Glioniifal oxtitninntion of tin* fniif.s of Solanvm nigrvm. 
Part 11. (Vin.stitiition of thi* oil. 

(J. P. Pendse and N. Gitatak, Gwolior. 

The oil from thi' truits oi the above plant is under examination. 
Its plnsieal and chemical constants have Ik'cu determined and the chemical 
constitution of the oil is Ix-ing investigated. 

140. f^ieniioal ttnd pharmacological sftidy of liandia, dime- 

tori am (iSanskrif and Maclana : Derrani-Mendphal; 
English : emetic nnt). 

S. W. Hardikak and M. G. MoHiri)i)TN, Hyderahad (Docean). 

The jnilji which is rejnited to l>e a good .substitute for ipecacuanha 
was found to contain an acid-sajionin (about lio",,)- neutral saponin 
(about an essential oil aliout (0-l'’„)< a volatile fatty acid, a browm 

resin (about 2",,), and a green colouring matter. 

The acid-saponin is soluble in water, in,soluble in absolute alcohol 
(but soluble m 7.7"|, alcohol), ether, chloroform, petroleum etlier, and 
benzene. Its melting point is betwis'n 24.") ami 2r)tl‘. It is hydrolyzed 
I •' aciils, saliva and ernulsin, yielding glueoBC. a peutosi'. and a sapogenin, 
melting at 124-2.'>' . 

Further chemical invest i rut ion anfl pharmacological experiments 
are in jirogn-ss. 

141. Glutamic acid from ettshew iiut glohulin. 

M. D-Oiodaran and T. G. Stvaswamy, Madras. 

luwv globulin has heeu isohded from cashew mil {Anarardium 
(itridnitdli ) and analyzed by the method of Nitrogen Distribution des¬ 
cribed bv one of the authors (M. D.). The high diearboxylie acid content 
promiited the attenpit to prt'pare glutamic acid from the protein, especially 
ill view of 1ht> clifliculty exjierienced in obtaining wheat gluten of good 
ijuahty locally, which is iieci'ssarv for the usual method of prejiaration. 
It lias been possible to i.soiate from the new protidn glutamic acid as the 
hydrochloride m yields eomparahle w'lth those from gliadin. 
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142. Attempts towards sjmtliesis of eantharidiii. 

H. Iyek and P. ('. (Ji HA, Bangalore. 

The (liscKJmir (k-rivative of etliyi ;! : 4-(liketofnrau-2 : o-dicarboxylalo 
(Johns(»ri tiud JoIiuh. Anirr, ('hem. J.. IDOti, 30. 200) when reacted witti 
ethylem' hronude }^a\'e a suhstHuee nndtitig »<■ 17o\ 4’liiK is expected 
to he ethyl 2 : .‘hdiketo-1 : 4-endo-o\o-ci/f7oti(>\aut'-l : 4-dicitrl>oxylHte and 
has been siK*eessiiilly hydrolyzed to the corresponding diacid, in.]). 220’ 
(docoinjt.) which has till now' resisted all attempts to decarhoxxlation. 

Siiiular ix'actions ha\e been studied with triinethyk'ne bromide and 
also Using ethyl tliiodiglyeollate instead of ettiyl diglyeollate. 

113. The preeiititation of eystino by pliosjtliotungstie acid. 

M. Damodahan and T. G. iStvaswamy, Madras. 

The prei-ijiitation of cystine liy ])hospjK>tiingstie a id is known to 
be not (jmintitatiM'. but m tlie \’an Klykt' method of analysis of jirotems 
ilu' cystine value still continues to be widely determined from the conti'iit 
in suljdnir of the ])reci])itate obtained w'hen protein hydrolysates are 
treated with jihosjiliolungstic acid. .Serious erroi is assiimeil to arise 
(inly it tlie e\'stine has been subji'cted to jirolonged boiling, and no sys 
tiunatie inxestigation ajijiears t<i ha\’e been made on the inllnenee ol the 
concentration of cystine on the completeness ot the jireeijntatioii. Tn 
till' present stmlv solutions of jiure cystine in \ar\mg I'oneentrations 
wore sid'jc'cted to treatment with ])liosphotnngs(ic acid under coinhtions 
’dentieal with thos«> in tlu> \'an Shke method, and tlie percentage of 
cystine iiieeipitated at 20' and 20 respectively has bts-n determined. 
Till results show that at 20" proteins eontnming less than 2'\, cystine 
w.iulil not produce any iirecipitate, while in those containing from 5 to 
I'l cystine, jiartial ])recij)itation would .icciir ranging from fiO to 85“,, 
ol till' total cystiiK* jircsent. Similar results were olitained at 20’. 
e\e,'pt that a rather higher percentage of yirecipital ion occurred. Tims 
M the most important typi's ot proteins, where Ihi* eystiiu' content is 
below 5'’,',. c\Stine values obtained by preidjiitation wnth pliosjiliotungstie 
a. id are ol n.i significance. 


144. IStnic"'tire of cliiorofortn, fltioroforni, brontoforin, and 
iodoform—tfieir analogie.s Avitli other cliloroforms, 
viz. tlto.se of Ge, Sn, etc. 

P. B. iSarkar. Calenttii. 

-Mcdianisin of several organic reactions where chlorotonn and alkali 
take j.art. e.g. preparation of salicylaldehyde, earb,\ larnine, etc. 


]45. Nessler'.s re.igtMits in the estimation of glucose. 

M. Go.swami, B. hAs-GvPTA, and K. Ray, (lalctitta. 

Further experiments have been earned on the estimation of glucose 
in vaiiOiis concentrations. Even a concentration of 002'',, ga('e very 
goon result. I’athological urine also gave accurate n-sults. 

146. The synthesi.s of ring glyeerifh's. 

M. Goswami and A. Shaifa, ('aleuttii. 

King glycerides of the acids maleic, citraconic, phthahe, succinic 
have been yireyiar -d for die first time by using l*f)(!l 3 as condensing agent. 
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147. Tlie preparation of organo-mercuric compounds by 
diazotization. 

M. Goswami, B. C. Ray, H. N. Das-Gfpta, and K. Mtjkeejee, 

Calcutta. 

This new method for the preparation of organo-mercuric compounds 
consists in diazotizing eunino compounds and adding the diazo solution 
to a solution of mercuric chloride when the organo-mercuric compound 
is precipitated. 


148. Experiments on the catalytic oxidation of paraffin. 

M. Goswami, B. C. Ray, and P. Datta, Calcutta. 

It has been already shown that paraffin of m.p. 50° can be oxidized 
to a higher aldehyde when passed over nickel with oxygen (J. Indian 
Chem . Soc ., 1931, 8 , 633). Experiments are now tried with lower 
aliphatic hydrocarbon like CH 4 , O 2 H 4 ; formaldehyde is found at about 
426°. The reaction is facilitated by diluting the hydrocarbon with 
carbon dioxide. 

149. Loss of spirit due to evaporation under Indian conditions. 

K. R. Gangtjli, Agra. 

Experiments were performed with spirits of different strengths 
ranging from 9-3 to 139'9% proof to study the percentage loss in proof 
gallonagc and the proof strength of the alcohol by keeping them in bottles 
of the standard quart size prescribed by the United Provinces Excise 
Depsurtmont, uncorked but plugged with cotton wool in a way to admit 
air but to prevent dust to enter. The loss in proof gallonage and proof 
strength over a period extending about 12 months has been shown. The 
results represent practically the loss which may be expected in country 
spirits kept in bottles in more or less open condition in the dry atmosphere. 


BIO-CHEMISTRY. 

160. The multiplicity of vitamin Bg. 

H. G. Biswas and B. C. GirtiA, Calcutta. 

From parallel experiments on the flavine content and the vitamin 
Bj-potency of flifferent pulses and also of milk, it has been found that 
vitamin Bj, as determined biologically, is a complex, of which the flavine 
(lactoflavine) is an essential component. The existence of other factor 
or factors (heat-stable) in this complex is indicated. 


161, The relation between the composition of the diet and the 
urinary excretion of ascorbic acid. 

A. R. Ghosh and B. G. Ghha, Calcutta. 

In an investigation carri^ out in order to throw light on the meta¬ 
bolism of ascorbic acid in relation to dietary metabolism, it has been found 
that high-fat and high-protein diets lead to an increased excretion of 
asoorbio acid by the rat. 
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152. The stability of vitamin 0 in some food materials. 

A. R. Ghosh and B. C. Guha, Calcutta. 

The estimation of ascorbic acid in some food-materials, after regular 
intervals of storage at 0°, shows that in some products the vitamin is 
paurticularly unstable, whereas in some it is fairly stable. In bd there 
is, if anything, a slight rise in the apparent ascorbic acid value after 15 
days’ storage at 0°. 

153. Vitamin A assay of ghee. 

B. N. Banbejie and S. D. Sfnawala, Bangalore. 

The vitamin A content of Indiim ghee has been estimated by the 
T’arr and x^ce method following the 1932 B.P. The ultrtiviolet absorption 
at 328 m^ has also been measured with a Hilger H. 377 Vitameter. This 
can be done directly on ghee, as also via the unsaponifiable matter. Ghee 
is remarkably free from the interfering agents present in cod liver oils, 
so that such experiments are easy to perform. Even ten per wnt. adultera¬ 
tion of ghee with oil, etc. can be easily and quickly detected in this way. 

154. The formation of a reducing substance from mannose by 

means of tissues in vitro and in vivo. 

B, C. Guha and A. R. Ghosh, Calcutta. 

Investigations have been carried out with the different tissues of 
the rat, rabbit, pigeon, guinea-pig, ox, fish, and snail regarding their 
capacity to convert sugar in vitro into a reducing substance (ascorbic 
acid ?) reacting 'with 2 : 6-dichlorophonol-indophenol. In vivo experi¬ 
ments on rats and guinea-pigs have also been carried out. The urinary 
excretion of ascorbic acid(?) by rats after injection with mannose has 
been found to increase. 

155. Colorimetric studies in enz 3 mie action. Part I. 

H. B. Skeeeanoachar and M. Seebnivasaya, Bangalore. 

. The qualitative detection and quantitative study of the course of 
enzyme hydrolysis can bo followed colorimetrically when either the 
substrate or the products of reaction lend themselves to a colorimetric 
estimation. In the case of starch, the well-known blue colour, developed 
by the addition of iodine, can be made use of in following the enzymatic 
hydrolysis of starch, during which the colour progressively diminishes. 
A Lovibond Tintometer was used for the purpose of this study. Phos¬ 
phatases on the other hand liberate the phosphorus from their respective 
substrates in an inorganic form and in progressively increasing quantities, 
so that the constituents can be estimated colorimetrically. 

156. The action of the ultraviolet light on enzymatic reactions. 
SoBHANLAE Banneejbe and H. K. Sen, Calcutta. 

In this work the protective action of nitrogenous compounds against 
the destruction of enzymes by the ultraviolet light has been described. 
Whilst diastatic activity is completely destroyed, in the presence of the 
ultraviolet li^t, the addition of phenylominoacetic acid, gelatine, 
ammonium citrate, etc., considerably reduces the destructive action. 
Analogously, if the substrate itself is a nitrogenous body, as fur example, 
caseinogen, the hydrolytic action of pepsin or trypsin is not at all impaired 
by the action of the ultraviolet light. Pincussen’s observations have 
not been generally confirmed, and the statement by him that the addition 
of a small amount of fresh enzyme revives the activity, could not be 



206 


Section II, Chemistry. 


( 44 ) 


reproduced in the case of caaeinogeu investigated by the authors. The 
optimum pH for the pepsin action on caseinogen has been re>determined 
and found to be between 2 and 2*2. Analytical methods followed in the 
present work and in that of Pincusaen have been discussed. 

167. Method for detecting minute traces of urease and tyro¬ 
sinase. 

K. VENK4.TA Gmi, Bangalore. 

Any substance containing urease sprinkled on the surface of a thin 
la^r of agar gel containing 1% urea causes formation of (NH 4 ) 2 C 03 . 
This diffusing through the gel produces a purple coloured zone on 
the addition of a drop of phenolphthalein on the surface. In a like 
manner, tyrosinase can be detected, by the production of a dark colour, 
when the enzyme material is added on to the surface of a tyrosine con¬ 
taining gel. The time allowed for diffusion is 24 hours. 

158. The phosphatase activity of seeds during germination 

and its 83 mtheticr action. 

K. Venkata Gmi, Bangalore. 

The phosphatase activity of a number of seeds during steeping and 
germination has been investigated. Repeated observations have showtt 
that the activity increases four times that of the resting seed in the case 
of cholam {Sorghum vulgare), and about 30 times in the case of ragi {EUuaim 
coracana). This phenomenal increase in activity during germination 
has been further investigated with a view to throwing light on the mech¬ 
anism. The probable r61e of activators and inhibitors during germination 
is being studied. The synthetic action of the enzyme during germination 
is also investigated. 

159. On salivary phosphatase. 

K. Venkata Gibi, Bangalore. 

A phosphatase is present in human saliva which hydrolyzes )5- 
Bodium glycerophosphate into inorganic phosphorus. The optimum of 
activity of the phosphatase lies at 4-5 pH. In this respect it differs from 
other tissue phosphatases. It is suggested that acid phosphatase is 
typical of body fluids, and the alkaline phosphatase of the organs. The 
nature and the behaviour of the phosphatase with respect to the action 
of magnesium and other salts, the puriflcation of the enzsrme and the 
action of inhibitors are being studied. 

160. On liver amylase. 

K. Venkata Gibi, Bangalore. 

Glycerol extract of acetone dried rat liver powder contains an amylase 
with a low medtose forming level, whereas the aqueous extract of the pow¬ 
der contains an amylase which has a high maltose forming function at 
the blue-violet iodine colour stage. Thus a complex system contfiining 
more than one amylase with v^ing degrees of maltose formation is 
present in liver. iWther work is in progress to show whether the low 
maltose forming function of the enzyme present in glycerol extract is 
due to the presence of a specific inhibitor for the maltose forming enzsnne, 
or whether it is a function of the enz 3 mie molecule itself. 

It has been further observed that of all the livers examined (sheep, 
swine, and rat), the liver of the rat contained a very active amylase. 
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161. The effect of metal compounds on tissue phosphatase. 

I. The influence of lead salt. 

K. Venkata Gmi and N. C. Datta, Bangalore. 

luvestigatioas have been undertaken to study the effect of load salt 
on the phosphatase activity of different tissues. The results so far 
obtained indicate that kidney phosphatase purified by the method of 
AlWs (Z. physiol. Ohem., 1936, 232, 189) is iahibitod by lead salts in 
concentrations at which lead is considered to be toxic. The study is 
extended to the phosphatase of blood, bone, liver, and intestines. With 
a view to correlating the behaviour of lead salt in vUro and in vivo, •ex¬ 
periments are being conducted with rabbits by injectii^; lead salts and 
determining the phosphatase changes in various tissues of the animals. 

162. A new bacterium from rotten potatoes. 

H. K. Sen and G. C. Das Gupta, Calcutta. 

A new type of facultative anaerobic organism has been isolated from 
rotten potatoes. The optimum temperature amd pH for the reaction 
are 42-45°, and 8 - 8*6 respectively. It can ferment starch and adl jjentose 
and hexoso sugars. The products obtained by fermentation can be 
grouped under two heads : (i) Liquid products consisting of alcohol, 
formic and lactic acids and traces of acetone, (ii) Gaseous products 
consisting mainly of CO 2 and H 2 , with 3-4% of CH 4 only. The organism 
belongs to the same genus as the bacilli actoethylieum and Macerans, 
but is definitely of a different species. The main differences in its cultural 
characteristics from the other two are the following; (a) It is non- 
motile, whereas the other two are motile. ( 6 ) It ferments galactose and 
IsBvulose both under aerobic and anaerobic conditions, with either peptone 
or ammonium salts a.s the source of nitrogen. But bacillus acetoethylicum 
ferments these two sugars under anaerobic condition only, with ammonium 
salts as the source of nitrogen. Bacillus Macerans cannot at all ferment 
galactose and laevulose. (c) The most characteristic phenomenon in 
this case is that about 70% of the sugars aro converted into lactic acid 
with a small quantity of succinic acid. No non-volatile acid is produced 
in the other two cases. Instead of acetic acid, formic acid is the only 
volatile orgsiuc acid produced, whilst alcohol as high as 25% of the 
quantity of sugar taken for ^mentation has been recorded. These 
organisms have vegetative cells (2-4juX 1/i) having spores (2/tX 1/*). 

163. The fixation of atmospheric nitrogen in the soil and the 

utilization of molasses. 

N. R. Dhae and S. K. Mukhebji, Allahabad. 

When sterile cane sugar solution and sterilized soil are exposed to 
sunlight in quartz vessels under sterilized conditions, the ammoniacal 
and total nitrogen are increasod. 

When air freed from bacteria and oxides of nitrogen and ammonia 
is passed through a solution of glucose or cane sugar mixed with freshly 
precipitated ferrous hydroxide, appreciable amounts of ammonia are 
formed. 

It appears, therefore, that nitrogen fixation can take place in the 
complete absence of bacteria provided energy is available from the 
photochemical or induced oxidation of sugars. 

When molasses are mixed with unsterilized soil and exposed to sun¬ 
light, the ammonia content goes on increasing with the exposure up to a 
limiting value. 
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Molasses when added to soil in the field also increase the axnmoniacal 
and total nitrogen contents of the soil. 

Molasses have been used as manure in increasing the jdeld of sugar¬ 
cane to the extent of 36%. Bice cultivation is also improved by the 
addition of molasses to the soil. 

164. Denitrification in sunlight and its retardation, 

N. R. Dhae and S. K. Mttkheeji, Allahabad. 

The velocity of the thermal and photochemical decomposition of 
an aqueous solution of NH 4 NO 2 has been determined at 40® and 50®. 
The velocity of the thermal decomposition is increased by an increase 
of temperature, but the photochemical velocity is slightly affected by 
an increase of temperature. The ratio of photochemical to the thermal 
decomposition of NH 4 NO 2 is higher at 40° than at 60°; i.e. when the 
temperature is high, the thermal decomposition of NH 4 NO 2 is marked. 

Copious decomposition of mixtures of (NH 4 ) 2 S 04 and ICNO 2 in the 
presence of dry soil and exposed to sunlight in the months of April, May, 
and June has been observed. 

A solution of a-alanine and KNQ 2 mixed with soil and exposed to 
sunlight undergoes considerable loss of nitrogen. 

Sterile solutions of (NH 4 ) 2 S 04 and KNO 2 mixed with sterilized soil 
when exposed to sunlight in quartz boiling tubes show considerable 
decomposition with evolution of gaseous nitrogen. 

Organic manures, e.g. oil cakes, green manure, farmyard manure, 
molasses, etc. produce beneficial results, especially in tropical countries, 
not only by increasing the colloidal .content and water retention power 
of the soil, but also by protecting the soil nitrogen by decreasing the 
velocity of the formation and decomposition of ammonium nitrite. 
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166. A domestic smokeless oven. 

H. K. Sen, R. M. Pal, and Kanailal Roy, Calcutta. 

A preliminary report of this was published some time ago in the 
Proc. Inst. Chemists (India). Since then, the question of the storage 
of the gas produced in the coking of coals used in domestic fire places 
has been studied, and three types of holders for the gas appear to re¬ 
commend themselves according to the magnitude of domestic require¬ 
ment. (i) If the consumption of coal is very moderate, say 10-15 lbs. 
a day, then the installation of a small gas holder working on the principle 
of an aspirator, is undoubtedly the most convenient. The holder is 
made broad and squatty, having an upper chamber to enable it to be 
filled with water from time to time. The cooking of the evening can be 
almost entirely effected by this collected gas of the midday cooking. 

(ii) The second type of gas holder is a divided cylinder or drum of appro¬ 
priate diameter, the dividing shelf being perforated. This cylinder or 
drum con be rotated on an axis. Tlie gas from the coking oven enters 
the top chamber, whilst the water descends through the perforated shelf, 
and expels any gas that had collected at a previous stage. When the 
evolved gas nearly expels the total quantity of water from the upper 
compartment (as can be seen from a level gauge), the operator has s^ply 
to rotate the drum by hand through 180°, and the collection of gas con¬ 
tinues. In this case the generation and the use of gas ore simultaneous. 

(iii) The direct burning of the gas by a spedally adjustable bnnmr is also 
possible, althoi:^ storing is more convenient, whether for heating or 
for small power purposes. For every poimd of coal, two cubic feet of 
gas, about an ounce of tar, and approximately 11*5 ounces of coke are 
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produced. If the city of Calcutta consumes 4 million tons of coal as 
domestic fuel, then by creating a collecting organization for the tar, 
about 50 million gallons of tar could be annually utilized for the fuel, 
or for the dye industry. 


166. The possibility of aluminium production in Bombay. 

M. 8. Patel, Bombay 

The discovery of bauxite deposits near Bombay by the author, as 
anticipated by Dr. C. S. Fox, opens up a new field for the utilization of 
surplus hydro-electric power at Bombay. The deposit on the Tun^r 
hill near Bombay has been prospected, and nearly 300 samples of bauxite 
fnim the deposit have been analyzed. The average composition runs 
as follows:— 

Alumina, 54 to 69% ; Silica, 0'3 to 0*8% ; Iron oxide, 3 to 11% ; 

Titanium oxide, 2 to 6%; Compound water, 28 to 31%. 

The estimated quantity of bauxite on the plateau works out at one 
million tons. Alumina has been prepared from an average sample of 
the bauxite, by the Bayer process on a laboratory scale, with the following 
composition:— 

Alumina, 99*34%, Ignition 0*28%, Soda 0*25%. 

Another important raw material for the production of aluminium 
is petrolomn coke for the production of electrodes. Samples of petroleum 
coke from oil distilleries operating in India have been obtained and ex¬ 
amined. The coke produr.ed by the refineries of the Bin-mah Oil Co., 
Ltd., which analyzes as ; Moisture 0*01%, Volatile matter 9-79%, Sulphur 
(included in volatile matter) 0-47%, Fixed carbon 90’18%, Ash 0*02%,— 
has been foimd to be most suitable for aluminium production. 

Probable sites with unlimited water supply and adequate water 
trans^jort facilities have been surveyed, and waters have been tested as 
to their suitability for the generation of steam, and for process work in 
the production of alumina. 

- The cost of raw materials at possible sites have been worked out 
per ton of aluminium produced. Those compare very favourably with 
those prevailing at centres of aluminium production abroad. The 
estimated total cost of production of aluminium ingots works out at 
Rs. 986 per long ton for a plant producing 3,000 tons of aluminium per 
annum; this figure includes the depreciation on the machinery, equip¬ 
ment aird buildings, and the cost of labour, supervision, technical control 
and management. The cost of power is calculated at pies per K.W.H. 
delivered at the works. 


167. An investigation on the curing of hides with different 
mixtures of sodium sulphate and chloride in compari¬ 
son with khari salt. 

B. M. Das, B. B. Dhavale, and B. N. Pal, Calcutta. 

It is a common practice in Bengal to cure hides with khari salt, 
a saline earth containing various proportions of sodium sulphate and 
chloride as its two principal preservatives. The curers taking advan¬ 
tage of the presence of the earthy matter often intentionally load the 
hides with mud and sand and thus the plaster-cured hides of Bengal 
have been brought into bad repute. With a view to finding out a cleaner 
and equally effective substitute for khari salt the present investigation 
was undertaken with different mixtures of anhydrous sodium sulphate 
and chloride. 

14 
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The hides treated with different cures were preserved for eighty 
weeks and observations were made from time to time. It was observed 
that (1) sodium sulphate or sodium chloride when used alone could not 
preserve the hides for more than six weeks; (2) the mixtures in which 
sodiiun sulphate predominates preserve the hides better than those in 
which the amount of sodium chloride is greater ; (3) the mixture containing 
6 parts of anhydrous sodium sulphate and 1 part- sodium chloride preserves 
the hide best and for the longest period ; the khari salt sample containing 
the said proportion of these constituents also yielded a similar result. 

168. The extraction of nicotine from Bombay tobaccos and 
tobacco waste. 

V. C. Amin and M. S. Patel, Bombay. 

Nicotine has been extracted by various methods from samples of 
tobacco grown in various districts of the Bombay Presidency and from 
tobacco waste. The steam distillation method has been fomid to be 
most practical for Indian conditions. A sample of nicotine sulphate 
of standard concentration lias been prepai’cd and tested entomologically, 
with the result that the product prepared in our laboratory showed 
almost the same insecticidal value at higher concentrations as the imported 
material, and about 10% loss at lower concentrations. 

Nicotine borate and nicotine arsenate have been pi-eparod and 
analyzed. Both thoso are solids and very soluble in water. The borate 
decomposes and chars on heating without melting, while the arsenate 
melts at l.'JO". The insecticidal vsdues of these two compounds aro being 
studied, and are likely to prove very useful solid nicotine insecticides. 

The nitrogen content of the tobacco before and after the extraction 
of nicotine has been determined. The ash of nicotine extracted tobacco 
has been analyzed with a view to its possible utilization. 


169. The continuous hydrogenation of oils. 

S. K. Kulkarni Jatkar and V. T. Athavale, Bangalore. 

Continuing the previous work in our laboratory (J. G. Kano, Proc. 
Sci. Congress, 1935, Calcutta), we are studying the comparative activity 
of different preparations of nickel catalysts in a continuous process under 
different pressures. We have found that the wire form of catalyst is 
most readily prepared in a high state of activity for routine laboratory 
work. 

A plant producing one ton of hydrogenated oil per day is also being 
fitted up for studying the working of the highly active silica gel catalyst 
discovered in our laboratory. 


170. Base exchange by permutit in molasses. 

S. D. Agnihotri and S. K. K. Jatkar, Bangalore. 

Although the commercial possibilities of the use of permutit in sugar 
refining are well known, the method of its use in refining cane molasses 
has not so far been studied in detail. The method of replacing the 
potassium iom which impart a bitter taste to molasses, by ammonium 
ions, and the subsequent removal of ammonia by concentration, has been 
studied by using the conductivity method and checking the results by 
direct analysis. The product so obtained was inferior to that obtained 
by removing the «dt % electrodudysis. The infiuence of pH of molasses 
on the base exchange is being studied. 
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171. Plastics from corrosive oils. 

S. D. Aqnihotri and S. K. K. Jatkar, Bangalore. 

Experiments have been conducted to make bakelite-like products 
from cashew shell oil and marking nut oil by jondensing these with 
hexamethylenetertramino, tannins, sugars, and molasses. The products 
with the latter three were always hygroscopic, and with hexa methylene 
tetramine were very brittle and unsuitable for moulding. Although mark- 
ing nut oil is the more suitable of the two, it is concluded from numer¬ 
ous experiments that these oils are not suitable for making plastics. 
The observations are in harmony with the chemical investigations about 
the natim) of the main constituent of these oils as found by Pillay 
and co-workers (J. Indian Chem. Soc., 1931, 8, ill?; 1935, 12, 226, 231). 

172. A new process for the solvent extraction of castor seed 

with rectified spirit. 

N. G. Chatteejee, Cawnpore. 

The process is an adaptation of the battery extraction system to suit 
the requirements of the peculiar properties of castor oil and rectified 
spirit based on laboratory experiments. The special feature of the process 
is the method by which the solvent is removed from the extracted oil, 
anti its recovery for reapplication in the process, involving an expenditure 
of steam which is considerably less than is usually the case in solvent 
extraction processes. It has been found that by this process 63*5% 
of oil was obtained out of a total oil content of 64‘6% in a sample of 
decorticated seed, while the maximum loss in solvent would be 
within 1 %. 

173. A new method of, recovering sugar from gur without the 

production of molasses. 

N. G. Chatteejee, Cawnpore. 

It is well known that one of the mam causes of the production of 
molasses is the use of lime during the proce^ of the preliminary treatment 
of gur solution. In the present method, the albuminous matter, phos¬ 
phates, and other impurities are removed without the use of lime or any 
other alkaline hydroxides, while the separation of the sucrose from 
invertose is carried out by fractional crystallization and precipitation. 
The process can easily be adopted commercially and may be economically 
worked on even a small scale. 

174. The recovery of potash from ashes. 

V. C. Amin and, M. S. Patel, Bombay. 

Ashes have been an important source of potash from time imme¬ 
morial. Even in the present century small scale potash extracting plants 
came into existence both in Europe and America during the war. 

Potash salts have been extracted from two samples of ashes: from 
ordinary Bombay household ash and from tobacco stalks. A very simple 
process capable of being operated by an ordinary village worker of common 
intelligence has been worked out for the recovery of potassium salts and 
potash at ordinary temperature. 

Bombay 'ash gives KgCOa and KOH with some soda compounds. 
The ashes from tobacco stalks give on the average 30% soluble salts, 
which give an actual yield ot 69% KCl, 19% KgCOa, 2% KOH, 20% 
K 2 SO 4 . On further crystallization potassium chloride and potassium 
sulphate are recovered in almost pure state. It is not possible to effect 
complete separation of KgCOg and KOH. The mother liquor after the 
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recovery of K 28 O 4 and KCl contains K 2 COg and KOH. Some carbonate 
separates out on slow evaporation at ordinary temperature, leaving a 
viscous liquid containing KaCOg and KOH. It is necessary to heat this 
residue in order to get a dry product. The economics of the process are 
being worked out. 

175. Pastes for storage battery grids. 

B. S. Srikantan, Waltair. 

The usual recipes given in books and patent literature for the making 
of pasted electrodes of storage batteries did not give good results. Usually 
the fillings, apparently good, crumpled to powder when immersed in the 
electrolyte. 

After several trials a composition has been arrived at which is very 
hard and adherent, and which can be filled in the positive or the negative 
grid. The negative plate formed by reduction of this for 24 hours at a 
current density of 1-5 amp. is spongy and yet strongly adherent to the 
grid. The positive plate is formed in 12 hours at a current density of 
I'O amp., giving a hard buff-coloured peroxide of load. 

176. Pboto-voltaic cells containing dye solutions. 

B. S. V. Raohava Rao and D. S. Narayanamtteti, Waltair. 

From an intensive study of the cells of the type Pt. (Light) dye 
solution Pt. (dark) imder varying conditions using methylene blue and 
malachite green, it has been shown that ( 1 ) the photo potential varies 
directly as the square root of the intensity of the exciting light; ( 2 ) the 
maximum potential is developed in regions immediately succeeding the 
long wave-length limit of the absorption band of the dye. 

177. A simple method for estimating carbonates in soils. 

S. Das, Pusa. 

1. A simple and rapid method for estimating carbonates in soil 
has been outlined. It consists in either boiling for 6 minutes or agitating 
at intervals for half an hour at room temperature a known weight of a 
soil with a measured quantity of N/ 2 -H 2 SO 4 in slight excess of 4 to 6 c.c 
and 50 c.c. of water in a 500 c^c. conical flask and then titrating back 
the excess of acid with decinormal caustic soda using phenolphthalein as 
indicator. The end-point is sharp and titre figures are reproducible. 

2. The method has been tested with a variety of soil tjrpos available 
in India and has proved to be of sufficient accuracy to warrant its employ¬ 
ment in routine soil analysis, or on the field where a large number of 
samples have to be quickly tested. 

178. The partial coagulation of colloids. 

S. Ghosh, Allahabad. 

Partial coagulation of negatively charged stannic hydroxide and 
positively charg^ ferric and thorium hydroxide sols by monovalent 
and bivalent coagulating ions has been investigated and the following 
is the summary of the results: 

( 1 ) Sols wMch are impure and contain lai^ amounts of Btabilising 
electrolytes show more partial coagulation by electrolytes than with 
pure sols. 

(2) Concenfsrated sols develop more partial coagulation by electrolytes 
than diluted ones. 

(3) Partial oeagulation is more prominent in the case of monovalent 
electrolytes than bivalent ones. 
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(4) The ratio of the concentration of monovalent coagulating ion 
just to produce a turbidity of the sols to that of a bivalent ion is smaller 
than the similar ratio of the concentrations of the two ions to completely 
coagulate the sols. 

It is, therefore, concluded (see Chakravarti, Ghosh and Dhar, J. Phys. 
Ohem. 1930, 34, 326) that the partial coagulation of sols is due to the 
presence of colloid particles bearing different amounts of electrical charge. 
An impure sol containing greater amounts of n stabilising electrolyte 
than a pure sol possesses a large number of colloid particles bearing different 
amounts of electrical charge. 

179. The reduction of freshly prepared raolybdic acid solution 

by glucose in dark and sunlight. 

A. K. Bhattaoharya and S. Ghosh, Allahabad. 

In previous papers (./. JiuL Chciti. Sor, 7, 711, 1!>30) PiiJl. ArniJ. 
Sciences U.P., Vol. JI, 2d, 1932) we have studied the photochemical 
reduction of molybdie and tungstic acid sols by ethyl alcohol and glucose 
in presence of sunlight. In this paper molybdie acid is produced by the 
interaction of ammonium moljfbdat'e and hydrochloric acid. Molybdie 
acid, thus obtained, containing an excess ofHCIcan be reduced by glucose 
producing the blue oxide of molybdenum MO^Os both in the dark and 
sunlight at various bTOperatures and different acid concentrations and tho 
following is the smnmary of the results :— 

(1) In ail oasos of reduction both inthe dark and sunlight investigated 
in this paper a period of induction has been obsen^ed. 

(2) Period of induction increases to a maximum with increasiirg 
acid concentration both in the dark and sunlight. 

(3) Period of induction quickly decreases with increasing temperature 
both in tho dark and simlight. 

(4) Period of induction is greater in the dark than in sunlight. 

(5) Tho reaction is unimolecular in the dark and becomes zero mole¬ 
cular in sunlight. 

(6) Velocity of the reaction in tho dark increases with increasing 
acid concontratioii and passes through a maximum. This effect is not 
so remarkable in sunlight. 

(7) The temperature coefficient varies between 3 and 4 for 10° rise 
between 40°C and 60°C hi the dark. In sunlight it is very nearly unity. . 

(8) Temperature ooeffleient increases with increasing concentration 
of the acid and decreases with the increasing temperature in tho dark. 

From our results we conclude that hydrogen ion acts as a catalyst 
in the reduction of molybdie acid to molybdenum blue by glucose. Hence 
an acceleration of the rate of reduction is observed in the dark with in¬ 
creasing concentration of the acid but the effect of the acid is not promi¬ 
nent iif simlight. For very high hydrogen ion concentrations the speed 
of the reaction is again slowed down because large amounts of polymerised 
molecules of molybdie acid are formed in the presence of acid. In previous 
papers {he. dt.) we have already emphasised that the period of iuduction 
18 due to the fact that there are aggregated molecules present in molybdie 
acid solution which are not active os simple molecules and this view has 
been further confirmed in this paper. 

180. The swelling of gels. 

N. A. Yajnik and Asa Singh, Lahore. 

In the present investigation, experiments were carried out to study 
the swelling of gelatine and glue gels of various concentrations under 
different conditiims. The rate of swelling was found to be rapid at the 
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beginning but went on decreasing with time and in all cases studied maxi¬ 
mum swelling was obtained after a certain interval of time. It was also 
found that the swelling was greatly influenced by the pH of the water 
used and in case of the gelatine gels maximum swelling was obtained 
at pH 3.0. The glue gels were found to show greater swelling than the 
gelatine gels under similar conditions and the influence of the addition 
of various electrolytes of the swelling of gels was found to depend on the 
nature of the gel and the natiire of the electrolyte added. 

181. Studies in colloidal behaviour of Indian gums. 

N. A. Yajnik and MANPHun Singh Jain, Lahore. 

In the present investigation, colloidal behaviour of some of the 
Indian gums, namely Gond Khair, Kikar, Katira, Isabghol, Mustgi Rumi, 
Myrrh Mokkah, Ushak and Alkundam, has been stjidied by the deter¬ 
mination of their physical properties. 

All the gums studied were found to possess a negative charge and 
to show normal behaviour with respect to their viscosity concentration 
and viscosity temperature mlationships. It was rather surprising to 
note that no direct relationship was found to exist between viscosity and 
protective power, hi majority of cases the surface tension decreased 
with increasing concentration but in some cases the decrease was negligible 
at lower concentrations. The relation between the refractive index 
and temperature was also studied at one concentration only in the case 
of Gond Khair and Gond Kikar and it was found that there was an abnor¬ 
mal change at 4.5°C in the case of Gond Kikar. 

In general it may be stated that the behaviour of Gond Khair, Kikar, 
Katira, Isabghol and Myrrh Mokkah (at high concentration) was similar 
to the behaviour of lyophilic colloids while that of Gontl Ilshak, Mustgi 
Rximi and Alkun<laru corresponded to that of lyophobic colloids. 
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RECENT STUDIES ON THE ARCH.EAN COMPLEX OF 

MYSORE. 

Introduction 

The Archaean complex on which I intend speaking to-day 
has already figured in some aspect or other as the main topic 
of discourse of no fewer than six able addresses from this pre¬ 
sidential chair. In 1915, Dr. Smeeth ^ presiding over this section 
gave a brief sketch of the geology of southern India dealing 
mainly with the Archa'an rocks of Mysore. His conclusions 
were based on the work of the Mysore Geological Survey carried 
out mostly under his direction, during the first twenty years 
of its existenc'c. Since then many of the areas have been re¬ 
examined in greater detail, the results of which are found as 
disconnected notes in the several publications of the State 
Geological Department. The present termination of the sub¬ 
sequent period of another twenty years forms, therefore, a 
fitting occasion for a review of these later investigations, and as 
such I am highly thankful to you for having given me the 
incentive to collect this scattered information and to place 
before you a connected account of our recent studies on the 
Mysore Archaean complex. 

In the address referred to, Dr. Smeeth drew attention to 
the following noticeable characteristics of the Archaeixns :— 

(1) The intrusive relationship of the granites and granitic 
gneisses towards their associated Dharwar schists, 

(2) Absence of the base on which the Dharwars could 
have been laid down. 

(3) Probable igneous origin of almost all the constituent 
types of Dharwars and the absence of any distinct signs of 
sedimentation. 

(4) Similarity of lithological constitution and stratigraphic 
position of the Dharwars with the Keewatin schists of the Lake 
Superior Region. 

All these ideas were quite at variance with the orthodox 
views of the Geological Survey of India. Consequently in two 

1 W. F. Smeeth. Outline of the Geological History of Mysore. Bull. 
No. 6, Dept, of Mines and Geology, Mysore State, 1916. 
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of the subsequent addresses from this chair they have formed 
the pivots for considerable criticism. Mr. Middlemiss*, in 
1917, strongly disapproved of almost all these revolutionary 
statements, but Dr. Fermor^ (now Sir L. L.) in 1919, accorded 
a qualified measure of support to the views of the “Mysore 
Geologists”. He admitted the intrusive relationship of the 
granites towards the Dharwar schists, the auto-clastic origin 
of many of the Dharwar conglomerates, the igneous origin of 
hornblende-schists and epidiorites, and the origin of some of the 
quartzites as the crushed phase of vein quartz, but he did not 
favour the suggested view of the igneous origin of the majority 
of the slates, phyllites, mica-schists and quartzites of the Dhar- 
wars. 

Most of the investigators in the Archasan tracts of Penin¬ 
sular India, except perhaps Dr. A. M. Heron now agree that 
the granites are actually intrusive into the schists of Dharwarian 
aspect. But there is as yet no consensus of opinion regardiiig 
the precise mode of origin of many of the types of the crystalline 
complex of the Dharwars. The theory of igneous origin of the 
types like quartzites, ferruginous quartzites, conglomerates and 
limestones advocated by Dr. 8meeth and his followers has been 
gradually losing ground in Mysore. 8ome of us who started 
work unbiassed by earlier views were highly doubtful as to the 
presumed igneous origin of many of these t 3 q)es. But still 
definite proofs were lacking and our expressions of mere opinions * 
were of no real scientific value. 

Recent investigations, however, have disclosed concrete 
evidences of sedimentation. Well preserved signs of current 
bedding, ripple marks, rain prints and sun cracks have of late 
been discovered in some of the exposures of quartzites of the 
Shimoga schist belt. A few of the conglomerates of this region 
contain pebbles of quartzite with recognisable indications of 
cross-lamination. Some of the mica-schists, phyllites, cordierite- 
sillimanite-gneisses, kyanite-staurolite-schists and sillimanite- 
graphite-schists of Afferent areas recently analysed reveal 
undoubtedly the characteristics of politic sediments. These 
evidences will go a long way to deter our eager tendency to pass 
such types with a cursory glance, as of unquestionable igneous 
origin. They throw open the field again for a fresh series of 
investigations on the structural and stratigraphical disposition 


1 C. S. Middlemiss. Complexities of Archeaa Geology in India. 
Joum. Asiat. Soe. Bengal, N.S., Vol. Xni, 1917, pp. cxcv-ccii. 

* L. L. Fermor. Some Problems of Ore Genesis in the Archeans 
of India. Journ. Aai<a, Soe. Bengal, N.S., Vol. XII, 1919, p. clxxv. 

8 A. M. Heron. Trans. Nat. Inst. Sc. of India, Vol. 1, No. 2, 
p. 21, 1935. 

* B. Bama Rao. Bee. Mysore Oeol. Dept., Vol. XXIII, pt. 2, 
pp. 98,102, 106 and 128, 1926.. Op. eit., Vol XXTV, pt. 2, pp. 144-147, 
1927. 
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of the constituents of the Dharwars. They minimise further 
the obstacles now existing for a comparative study of the “ Mysore 
facies ” of the Bharwar schists with others of similar aspect 
in the disconnected areas of Peninsular India. 

Besides, detailed investigations on the series of granulitic 
hypersthene rocks of Mysore, comparable in character to the 
chamockites of Southern India, show us that several unrelated 
series of rock types have assumed some common characters due 
to various processes of modification. It is not improbable 
that the chamockites themselves may on careful re-investigation 
disclose their mode of origin to be different to what is generally 
ascribed to them. 

The classification of the granitic gneisses of Mysore into 
four different epochs of intrusion has neither been verified nor 
adopted by other geologists who have mapped the adjacent 
parts of southern India, My own investigations, however, 
lead me to believe that our present mode of classification stands 
in need of considerable revision. 

It is only by constant assessing of values of evidence 
obtained from intensive investigations of different regions, 
and by a careful co-ordination of results of repeated researches, 
that something like a general agreement can be reached in 
solving the profound mysteries of these ancient rocks. Therefore 
1 feel no compunction in choosing once again the problerus of 
Archaean rocks for the topic of my dLscourae, and 1 hope you will 
not regard it an infliction to listen to another address on this 
well covered ground of Archaean Geology. 

The Mysore Aech^an Complex. 

Out of some 29,000 square miles which foim in the main 
the Archaean complex of the Mysore State, a sixth of the area 
consists of the Dharwar schists, the rest being covered by vast 
masses of granites and granitic gneisses of diverse appearances 
and of different periods of intrusion. The Dharwar schists 
are found in the State in three well defined bands constituting 
the Shimoga, Chitaldrug and Kolar belts. They enter the State 
from the north, and the first two, running in a south-south¬ 
easterly trend, gradually straighten up and show an indication 
of joining up towards their terminations in the southern parts 
of the State. Apart from them a few other stringers and patches 
of schists of various dimensions are also found scattered about 
in the gneissic area. 

All the various types of the granites and granitic gneisses 
of the complex are held to be intrusive into the associated schists, 
and from amongst these heterogeneous masses, granitic rocks 
of four different epochs of intrasion have been differentiated,* 


1 W. F. Smeeth. Op. eit., 1916, pp. 15-18. 
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They mil be briefly dealt with later, and it would suffice here to 
note their accepted classification as under :— 

4. Closepet Granite. Mainly coarse, pink or grey, 
slightly foliated, porphyritic granites. 

3. Chamockites. A series of granulitic hypersthene- 
bearing rocks of varying composition ranging 
from a granite to a hypersthenite. 

2. Peninsular Gneiss. A complex of different biotite- 
granites and a composite series of biotite granitic 
gneisses with shreds and stringers of crystalline 
schists. 

1. Champion Gneiss. A series of highly cmshed, 
micaceous granitic-gneisses frequently associated 
with types of minor injections and acidic flows 
containing blebs of opalescent quartz. 


DHARWAR SCHISTS. 

Present Classification. 

The Dharwar system as developed in Mysore is classified 
at present into a lower and an upper division, on lithological 
grounds. In the lower division are included different types 
of schistose and granular dark hornblendic rocks and amphi¬ 
bolites, associated with thin bands of quartzites, ferniginous 
quartzites, calciferous granulites^ and purer patches of crystal¬ 
line limestones. 

The upper division on the other hand consists mostly 
of greenstones and greenstone schists, schistose felsites, quartz- 
porph 3 Ties, quartzites, limestones and dolomites and banded 
heBraatite-quartzites. Associated with these there are some 
larger masses of rocks, diabasic or dioritic in character, which 
are suggested to be intrusive into this division. They also are 
hornblendic, but differ from the hornblendic rocks of the lower 
division in containing a pale green amphibole instead of the 
blue green species of the latter. Some of them show, though 
very rarely, relics of the original p 5 U’oxene. 

The schistose acidic rocks, and their presumed altered phases 
the sericitic quartzites, the conglomerates, the micaceous gritty 
schists and the mica-chlorite-schists forming layers or bands 
in the Dharwars, which had been differentiated and mapped as 
Champion gneiss prior to 1920, were suggested in that year 
by the late Prof. Sampat Iyengar* to be included among the 

* Comparable to the calo-granulites of Sir Lewis Fermor, they have 
been described under a local name “ Tanirite ” in Rec. Mysore Geol.’Dept. 

> P. Sampat Iyengar. The Acid Rocks of Mysore. Mysore 
Geol. Dept, Bull No. 9, 1920, p. 8. 
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Dharwars, and this suggestion was accepted by Dr. Smeeth^ 
in his modification of his original classification of the Archaean 
rocks. 

Some clay-schists, sandstones, quartzites and brecciated 
raanganiferous haematite-quartzites were at one time separated 
in the Chitaldrug district to constitute a third or top-most 
division (G. R. Formation^); but under later adverse criticism 
they ceased to be classified as a separate unit, the constituent 
types being regarded as the weathered phases® of the Champion 
gneiss. 

This local classification of the Dharwars into the two 
divisions based on lithological grounds, had not been supported 
by any recognised structural discordances or proved strati¬ 
graphic unconformities. Until a few years back, the dark 
hornblendic schists, such as those represented in the Kolar 
Gold Field, had been always regarded as the lowest recognisable 
members of the Dharwar schists as seen in Mysore. But since 
1920 this view has been repeatedly questioned. In some parts 
of Mysore, similar dark hornblendic rocks have been noticed 
occurring either as interijalated sheets and sills (Modulgudda 
region, Hole-Narsipur schist belt ^), or as intrusive dykes in the 
ililoritic schists. In other places thin runs of dark hornblende- 
schists are noticed as marginal contact alterations of greenstones 
and greenstone-schists or of some other member of the chloritic 
division®. (Crushed hornblende-syenites, diorites and epidio- 
rites® of diverse origins all simulate such hornblendic sclii.sts 
in their outward appearance and even in microscopic sections. 

Therefore the present procedure of classifying the Dharwars 
on the basis of the occurrence of some schisted dark hornblendic 
rock as an indicator of a definite horizon is, to say the least, 
imsatisfactory. 

Broadly generalised, in the northern districts w'here the 
Dhamar schists are well developed chlorite is the conspicuous 
constituent of the greenstones and greenstone schists, and dark 
hornblende or hornblendic schists are rather scarce. Associated 
with them are types which can be regarded normally as lime¬ 
stones, argillites, quartzites and grits. 

In the central districts where the Dharwar schists are 
wedged in, as it were, as narrow bands between the granitic 

1 W. F. Sraeeth. Some views about the Areheaiis of Southern 
India. Rec. Mysore Qeol. Dept., Vol. XXIII, pt. 2, pp. 50-51, 1926. 

2 P. Sampat Iyengar. Rec, Mysore Oeot. Dept,, Vol. VI, pp, 
82-85. 

3 P. Sampat Iyengar. Acid Rocks of Mysore. Mysore Qeol. 
Dept. Bull., No. 9, p. 3, 1920. 

■* B. Rama Rao. Rec, Mysore Qeol. Dept., Vol. XXI, pt. 2, 
pp. 177-178, 1924. 

5 B. Rama Rao. Bull. Mysore Qeol. Dept,, No. XV, p. 21, 1934. 

6 B, Rama Rao. Rec. Mysore Qeol. Dept., Vol. XXI, pt. 2, p. 228, 
.1924. 
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masses, dark hornblendes are found very conspicuously in the 
basic rocks which become sub-schistose to granular. The 
quartzites and grits are found silicified and recrystallised, and 
the argillitic types are but poorly represented as remnant 
stringers and patches of micaceous schists containing various 
secondary aluminous silicates. The ferruginous quartzitea 
develop different types of bladed or acicular amphiboles. 

In the southern districts where there are no wider belts 
of schists, but thin stringers and bouldery outcrops of various 
granulites, evidence of fusion and recrystallisation is very con¬ 
spicuous. The constituent minerals of all the types are clean 
and fresh, coarsely crystalline and granular in form. Brownish 
green araphibole, green diopside, hypersthene and garnet are 
conspicuous among the basic granulites or granulitic schists, 
and chlorite is scarcely noticeable in any of these rocks. Quartz¬ 
ites are often bouldery and massive and contain garnet, silli- 
manite and sericite. Kyanite, staurolite, sillimanite, etc. are 
seen in the micaceous schists which might represent the altered 
remnants of the pelitic fractions of the schist belt, now torn 
and scattered in the gneissic complex. Magnetite forms the 
chief constituent of the ferruginous quartzites with variable 
proportions of hypersthene, garnet and diopside as accessories. 

These conditions indicate a progressive metamorphism from 
north to south, but sufficient detailed evidence is not yet available 
to judge whether the rocks of the same formation have been 
differently affected in different areas by varied conditions or 
whether the region lays bare from north to south progressively 
lower and lower sections of separate formations now classified 
mostly as Dharwars. 

The pre-possessed view of the autoclastic nature of all the 
Dharwar conglomerates, and the presumed igneous origin of 
the apparent sedimentary types, have acted till recently as 
insuperable barriers for a closer investigation of the structural 
and stratigraphieal relationship of the various components of 
these complex formations, and for their correct classification 
into distinct series on recognisable stratigraphic breaks. 


Origin. 

Our investigations of the past few years confined to the 
detection of the sedimentary or igneous origin of the doubtful 
types, lead us to the following conclusions :— 

’ (a) Conglomerates. 

The recognition of the basal or sedimentary character 
of many of the conglomeratic exposures is unfortunately 
not always easy. Many of the outcrops occupy indefinite 
horizons amidst the masses of argillitic or chloritic schists 
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and are not continuously traceable over large areas. The 
admixture of volcanic material, the crystalline nature of 
the matrix, and the extreme deformations which the rocks 
have undergone further complicate matters. Besides, the 
conglomeratic types formed under dnierent conditions have 
all been rendered alike in structure by subsequent deformations. 
Among the types which could be differentiated as of diverse 
origin the following might be noted :— 

(1/ Sedimentary deposits forming coarse consolidated 
products of disintegration from minor igneous injections, mixed 
with volcanic ashes. Many of the conglomerate exposures of 
the Shimoga belt belong to this type. 

(2) Sheared products of sedimentary quartzites and grits 
with infillings of vein quartz. (This type is seen at Kattekere 
in the Hole-Narsipur schist belt.) In this case quartzites and 
quartz-schist are found as pebbles in a sericitic gritty matrix. 

(3) Crushed phases of acidic flows with densely packed 
coarse (silica filled) araygdalcs. A few of such exposures are 
found near Basavapatna in the Sulekere region. Here the 
crushed amygdales look like quartzite pebbles in a gritty mica¬ 
ceous schist. 

(4) Sheared phases of volcanic agglomerates as seen near 
Tekkalavatti and other places further south in the Chitaldrug 
belt. These are associated with basic and intermediate effusives, 
and their crushed phases look like conglomerates with variegated 
pebbles in a greyish green muddy schist. 

(5) Sheared and rounded phases of intrusive breccias. 
Many different varieties are noticeable amongst this group, 
including some which have been described as autoclastic con¬ 
glomerates. 

(6) Sheared and rounded phases of the products of differ¬ 
ential weathering of some extremely altered igneous rocks. 

The correct diagnosis of the original character of any of 
these numerous types is always beset with great difficulty. A 
considerable amount of careful and detailed work is still necessary 
to disentangle the true basal conglomerates from their rival 
imitators. Recent investigations indicate that some of the 
conglomerates, at any rate, in parts of the Shimoga and Chital- 
drug schist belts are actually of sedimentary origin, and could 
be classed as of two distinct groups of different ages. The 
Holalur, Bikonhalli and (Dhannagiri conglomerate series of the 
Shimoga schist belt associated with bands of quartz-porphyry 
members have pebbles of only “ quartzites ” of afferent coarse¬ 
ness in texture and of slightly differing tints, mixed with pebbles 
of sheared vein quartz. These form an older series. The other 
set, forming the Jhandimatti and Kaldurga conglomerates of 
the Shimoga belt and the Aimangala conglomerate of the Chital¬ 
drug belt, contain in addition to pebbles of “ quartzites ”, pebbles 
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of “ granites ”, “ ferruginous quartzites ”, small patches of 
chloritic schists, coarse grains of magnetite, etc., in a micaceous 
chloritic gritty matrix. Many of the “ granitic ” pebbles of 
these conglomerates could be traced to the “ granite porphyry ” 
rocks of the schist }>elts. These conglomerates appear to be 
of a distinctly later age. 


[b) Quartzites. 

All the well defined outcrops which can be continuous¬ 
ly traced over large areas, such as the sericitic and cal¬ 
careous quartzites and the micaceous and fe].spathic grits 
of the northern districts seem to be undoubtedly of clastic 
origin. They disclose distinct evidences of sedimentation, 
such as current bedding and ripple marks well preserved in some 
of their outcroi)s, as near Nil vagal, Hosur and 8aulanga. The 
secondary crystallisation of their quartz grains and also the 
occurrence of opalescent quartz in them probably led Mr. Jaya- 
ram ^ and other investigators to regard such types as the crushed 
phases of the Champion gneiss (quartz-porphyry, felsite, etc. 
which contain the opalescent quartz as a characteristic consti¬ 
tuent). The fact that the dismtegrated Champion gneiss might 
have formed the source from which the material for deposition 
was drawn was evidently overlooked. Anyway, that sucli has 
been the actual condition is abundant^ proved from the ocicur- 
ronce of grains of tliis opalescent quartz even in the current bedded 
and ripple marked portions of the quartzite beds. Among the 
schists of the central districts, the Modulgudda quartzites of 
the Hole-Narsipur schist belt indicate, again, signs of current 
beddii^, ripple marks and rain joints, though not so clearly 
as in the former area. In the southern districts where the 
stringers of schists are more intensely metamorphosed, and 
also in the quartzite bands amidst the hornblendic scliists, 
similar indications have not been noticed so far. Probably 
a more careful and detailed examination in the future may 
reveal some of these cjharacters. 

The crushed phases of quartz reefs, which in many instances 
look like the typical quartzites, are rarely conformable in their 
strike with the associated schists. Besides they are not traceable 
continuously over long distances. 

(c) Ferruginous quartzites. 

A caxeful study of the ferruginous quartzites disclose again 
a variety of types.* The distinct banded hsematite-quartzites 


1 B. Jayaram. .Rec. Dept, of Mities and OeoL, Mvsore State, Vol. 
XIV, pt. 2, p. 93, 1916. 

P. San^at Iyengar. Bee. Dept, of Mines and Qeol., Vol. XIV, pt. 2, 
p. 131, 1916. 
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associated with the chloritic schists appear to be the typical 
member of the Dharwars. Though in outcrops they look like 
solid beds of banded haematite-quartzites, in deep cuttings and 
sections they are seen to be composed of a number of thin bands 
of ferruginous rocks, interbedded with layers of argillitic and 
phyllitic schists, and fine bluish ash-like material. 

The types which are in association with the dark hornblendic 
schists as seen in the central districts often show magnetite or 
martite in addition and variable proportions of some species 
of dark coloured acicular amphiboles—actinolite, cumrning- 
tonite, bababudanite, etc. The view advocated by Dr. Smeeth 
and his colleagues that the ferragiiious quartzites are formed 
from the breaking down of the amphibolites ^ the oumming- 
tonite-schists and the bababudanite-schist, is not now in general 
favour and cannot be upheld. Recent investigations indicate 
that these amphiboles are secondarily developed in the fer¬ 
ruginous rocks as a result of contact action as seen in the Kudure- 
kanave region* in the Huliyurdurga-Kunigal area®, and even 
in the Bababudan hills The intercalation of these banded 
ftsrruginous quartzites with other rocks of recognisable or inferable 
sedimentary source naturally indicates them to be of aqueous 
origin. 

The banding of these rocks is so very fine that in very 
many cases the individual layers seldom exceed one or two mm. 
in width. Though the ferruginous and siliceous layers appear 
to be distinct in hand specimens, their micro-sections show 
some granular iron ore in the siliceous layers and vice versa. 
In contorted specimens the individual layers are observed to 
maintain their parallelism throughout their plications \vithout 
the original siliceous layers ever cutting across the ferruginous 
bands. This feature, while indicating that the folding or 
crumpling of the rock has taken place subsequent to its formation, 
also negatives the idea expressed by the late Prof. Sampat 
Iyengar® and others that such bandings are due to lit-j)ar-lit 
intnisions of minute veins of quartz. 

•What exactly has been the process of this sedimentation 
is not quite clear. It is probable that these banded ferruginous 


1 W. F. Smeoth. Inspection Notes. Rec. Mysore Geol. Dept., 
Vol. IX, p. 87. 

2 B. Rama Rao. BvU. Mysore Geol. Dept., No. XV. 1934. 

3 B. Jayaram. Ree. Mysore Geol. Dept., Vol. XXIII, pt. 2, p. 63, 
1926. 

B. Rama Rao. Bee. Mysore Geol. Dept., Vol. XXIII, p. 100, 
1926. 

* B. Jayaram. Rec. Mysore Geol. Dept., Vol. XX, pt. 2, p. 42, 
1923. 

C. S. Pitchamuthu and M. R. Srinivasa Rao. Current Science, 
1, pp. 276-77, 1933. 

6 P. Sampat Iyengar. J?ec. Mysore Geol. Dept., Vol. X, pt. 2, 
p. 63. 
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quartzites, like their compeers of the Lake Superior region, 
have been formed by chemical precipitation, the alternations 
of fine layers being brought about by some process comparable 
to the Liesegang phenomenon as has been suggested by others. 

Some of the banded jaspery ferruginous schists of the In- 
galadhal area (Ohitaldrug schists), which form a sort of gossan 
to the cupriferous lodes, are seen to grade downwards into a 
compact dark grey pyritiferous oherty rock (silicified felsite ?). 
The fresh specimens of the latter in microsections show a micro 
or crypto-crystalline ground of silica with a few parallel minute 
fissures or veinlets filled with ferruginous oxides and carbonates 
giving rise to an incipient banded structure. A careful com¬ 
parative study of this type with the typical banded haematite- 
quartzites might throw some light on the precise mode of their 
formation. 

There are indications that a part at least of these original 
banded ferruginous quartzites has been broken down and re¬ 
deposited as normal clastic sediments in the form of friable 
impure ferruginous silts and quartzites. This is clearly seen 
among the well defined ferruginous quartzite beds of the Mal- 
lebennur-Sulekere region, which show in their upper layers 
rain prints and well preserved suncracks. 

The banded ferruginous quartzites have undergone many 
changes subsequent to their formation. In some of the out¬ 
crops of the Ohitaldrug district, by surface Weathering and 
reconstruction they have given rise to a brecciated type, in 
which patches of the banded haematite-quartzite occur in a 
jaspery ferruginous cement. 

The ferruginous quartzites have developed at their contact 
with acid and basic intrusives various acicular amphiboles as 
already noted. The cummingtonite-bearing types give rise 
further to ortho and clino-pyroxenes at their contact with the 
later intrusive Closepet granites. Some of these hypersthene 
bearing ferruginous rocks seem to me to be the types which 
have teen described by Mr. Jayaram ^ and the late Mr. Slater ^ 
as of the Ghamockite series. 

A few other types of the ferruginous schists, which during 
the earlier days were mapped as ferruginous quartzites, have 
no relations with the typical banded ferruginous quartzites. 
Crushed quartz reefs of the gneissic complex, near the ferru¬ 
ginous formations impregnated with ferruginous solutions, have 
given rise to a type of limonite-hsematite-quartz-schist, as notice¬ 
able in the Kudurekanave region. The weathered products 
of basic traps circulating along zones of fracture have formed 
again thin lenticles and bands of jaspery ferruginous rocks, 
l^ese no doubt could be confused with the typical banded 


I JayMwm. Bee, Myeore Oed. Dept,, Vol. VIZI, pp. 106-8. 
* H. K. SQater. Bee. Myeore Qed. Dept,, Vol. VUI, pp. 63-67, 
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haematite-quartzites ”, but they are of minor occurrences, and 
with sufficient care can be clearly differentiated. 

[d) Argillitic, phyllitic and micaceous schists. 

Associated with the quartzites and some ferruginous 
quartzites are found some argillitic schists of grey to greyish green 
colour. They seem to form a composite series, consisting of 
true argillitic material, ash beds, and highly crushed decom¬ 
posed fine grained lava flows. In the field, it is almost impos¬ 
sible to detect their true nature and map them separately. 

It is thus seen that amongst these various tjrpes of recognisa¬ 
ble sediments, the quartzites show well pronounced structural 
indications of shallow water deposition. Their associated argil¬ 
lites and phyllites have no special structures except lamina¬ 
tion and signs of bedding, which are but ill preserved. The 
ferruginous silts also indicate the structural characters of shallow 
water facies. But the banded ferruginous quartzites show 
only obscure signs of stratification, and under what conditions 
they have been formed is not clear. 

The disintegrated and transported materials forming the 
quartzites and conglomerates do not seem to have travelled very 
far from their original sources. 

(e) Limestones. 

The larger exposures of the crystalline limestones and 
dolomites in the Shimoga and Chitaldrug schist belts are inter- 
bedded with the quartzites, ferruginous quartzites and micaceous 
grits of recognisable sedimentary origin, and therefore it is 
probable that they also have originated under similar condi¬ 
tions. The limestones seldom show distinct signs of stratifica¬ 
tion or bedding, and it is only by virtue of association they have 
to be presumed to be of aqueous origin. In the central districts, 
associated with the hornblende-schists, are sometimes found 
thin bands of limestone which in places show various calc- 
silicates. They have been stated to be the calcified portions 
of the contact altered facies of the dark hornblende-schist, 
and are locally olaased as “ Tarurites The probability of the 
calc-silicates being the recrystallised products of contact alter¬ 
ations of a sedimentary crystalline limestone has not been 
adequately tested. In the southern districts the limestone 
outcrops are still fewer in number, and they show various 
pyroxenes, corundum, biotites, garnet and other minerals. 
Scales of graphite are occasionally found in all these types of 
limestone. 


1 E. W, Wetherell regarded them as differentiates of a peculiar lava 
flow. (Vide JKcc. Mysore Oeol. Dept., Vol. V, pt. 2, p. 4.) Later W. F. 
Sxnmth proved them to be the contact altered ph^s of homblen4e- 
schists. (See BuU No. 3, Mysore Qeol. Dept.) 

16 



226 


Section III, Oeclogy and Geography. 


( 12 ) 


The sedimentary character of these various types can be 
recognised with careful scrutiny or readily inferred in the expo¬ 
sures of the Shimoga belt where they are least metamorphosed, 
but in the central and southern districts where they are subjected 
in addition to dynamic alterations, to contact metamorphism 
leading to an interchange of material and partial or complete 
recrystallization, it is often difficult to recognise their original 
character. 

(/) Igneous schists. 

Many of the schisted types of dark hornblendic rocks, such 
as those of the Kolar Gold Field, greenstone-schists, some 
talc-tremolite-schists and talc-chlorite-schists, serpentines and 
potstones and the schisted phases of felsites, quartz-porphyries 
and rhyolitic types can be recognised in the field as of igneous 
origin, and the results of chemical analyses also confirm this 
field evidence. 

{g) Doubtful members. 

But some garnetiferous biotite-gneisses, biotite-hornblende- 
schists, gamettferous homblende-granulitos and some pyroxene- 
granulitos occurring in the gneissic complex in the vicinity of later 
intrusive Closepet granites fail to afford any reliable clue regard¬ 
ing their original character. 

It is thus evident tliat among the Dharwar schists of Mysore 
both igneous and sedimentary materials have been mixed up 
to variable extents. 


DistriSiUion. 

After this survey of the general characters of the consti¬ 
tuent types of the Dharwar schists, I may now proceed to give 
a brief account of their areal distribution in Mysore, and their 
probable sequence of succession as disclosed in (Afferent areas. 

The regional distribution of the Dharwar schists scattered 
as isolated patches in the State may be grouped as under:— 


A 

B 

C 

D 

E 

WetUm 

West Central 

Central 

East Central 

Eastern 

Kodashadri 

Shimoga belt 

Chitaldrug 



belt. 

belt. 



Agumbe belt 

Bababudan 

Chiknukan- 

Scattered 

Kolar belt. 

belt. 

halli belt. 

stringer of 



schists. 

Kuduremukh Hole-Narsipur Nagamangals 
bait. belt. Mt. 

Attikuppa belt. 

A. The Western Group. 

This is composed mainly of dark hornblendic schists similar 
to those of the Kolar belt, associated with thin runs of haematite- 
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quartzite. These are exposed forming steep scarps of the 
Western Ghats of the Mysore frontier amidst dense forests, where 
detailed mapping is impracticable.. 

B. The West Central Group. 

(1) Shimoga Belt. This forms an important section of the 
Dharwars, covering an area of about 2,500 square miles in the 
north-west part of the State, and forms the continuation of the 
schists of the Dharwar district. 

The geological interpretation of the region has undergone 
various ^modifications since it was originally mapped by the 
late Mr. Slater in the early years of this present century. Mr. 
Slater himself had modified his views so often that by his sudden 
demise in 1013 the work was left in a confused condition neces¬ 
sitating a revision survey. The geologists who subsequently 
examined this part, with their experience of more intensely 
metamorphosed regions, fell in line with the views of Br. Smeeth 
as to the igneous origin of the crystalline schists. Mr. Jayaram 
introduced certain modifications and mapped the bolt as consist¬ 
ing mostly of various phases of the “ Champion gneiss ”, with 
thin lenses and bands of basic greenstones.^ The limestones 
and ferruginous quartzites were interpreted by him as meta- 
somatic replacements of the Champion gneiss, and the conglo¬ 
merates and quartzites as the autoclastic and schistose phases 
of the same. But my investigations in parts of tlus area have 
brought to light definite evidences of sedimentation ^ as ahead}" 
mentioned. The first clear proofs of sedimentation occur after 
the period of intrusion of the quartz-porphyry members. The 
clastic products of these acidic rocks, combined with the material 
derived from the weathering of the older greenstones, have 
formed the source for the oldest recognisable aqueous formations 
of this region, and the materials which were deposited as quartz¬ 
ites and conglomerates have not apparently been conveyed 
very far from their sources. 

Concurrent with sedimentation, volcanic activity also 
continued with varied vigour throughout the period, accounting 
for admixed ashes at different horizons. Subsequent to the 
formation of the ferruginous quartzites of this period, the region 
again was intruded by “ granite porphyry ” rocks which seem 
to have penetrated only the lower portion of the series. Later 
denudation of the whole series has furnished material for the 
deposition of another set of conglomerates, followed by a thin 
series, ending again with the ferruginous silts and quartzites. 


1 B. Jayaram. Mec, Dept, of Mines and Geol,, Mysore State, 
Vol. XVI, 1917, pt. 2, pp. 74-76 and map (p. 102). 

8 B. Rama Rao. *• Evidences for the sedimentary origin of some 
of the constituents of the Dharwar Schists ”, read before this section. 
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Scarcity of a sufficient number of closely occurring natural 
sections, combined with the prevalence of thick soil and the 
heavily wooded nature of the ground, render the tracing of 
individual beds difficult, and a considerable amount of detailed 
field work is still necessary to be certain about the exact positions 
of certain dubious tj^es. The following statement, generalised 
from a close examination of a few of the typical sections, 
gives, however, an idea of the probable sequence of rock forma¬ 
tions in this part of the Dharwar schists, and the local names 
suggested for the middle and the upper divisions of this region 
are tentative and are not found in this sense in any of the 
publications of the Mysore Geological Department. 


Upper Dharwars I 


\ 


(e) Ferruginous quartzites and chorty ferruginous 
slates with thin intercalations of argillitic 
layers and probably of ash beds. (Rain 
prints and sun cracks are soon in some 
exposures.) 

(d) Friable ferruginous silts and micaceous fer¬ 
ruginous grits intercalated with thin bands 
of limestone towards the top. Basic 
homblendic sills. 

(c) Argillitic and calcareous silts, and fine grained 
quartzites with minute grains of opalescent 
quartz. 

{h) Quartzites. 

(a) Jhwidimatti and Kaldurga conglomerates, 
containing pebbles of mostly granitic rocks. 


Middle Dharwars ' 


•fl 

w 




Granite porphyry masses of Rangandurga, Balekal 
and granites of Honnali, Shimoga and adjacent 
parts. 

(e) Banded haematite-quartzites (Chamdigudda 
outcrops). 

(d) Limestones, dolomites and siliceous limestones. 

(c) Phyllitic and chloritic schists, grey or greenish. 

(5) Sericite-grits and quartzites with coarse grains 
of opalescent quartz. 

(a) Conglomerates (avowing pebbles of “ quart¬ 
zites ” and quartz-porphyries), felspathie 
grits cmd graywackes. 


/ 


Lower Dharwars 





(c) Sills of quartz-porphsTPy, felsite amd other 
types of acid intrusives and their schistose 
phases. 

(6) Acid and intermediate flows—rhyolites, ke- 
ratophyres, etc., with intercalated tufb 
and ash beds now seen as dark grey or 
bluish argillitic layers and beds, altered 
in places into compact homstones in 
contact with (c). 

(a) Compact g^nstone and greenstone-schists, 
some micaceous or caloiferous chloritic 
schists, etc.. (Basic and intermediate lava 
flows probably with admixed altered ash 
beds.) 
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We see here two separate series of ferruginous rocks. In 
areas far from the recognisable exposures of the granite-por¬ 
phyry masses, the ferruginous formation of the upper division 
rests directly on the ferruginous quartzites of the middle division 
without the intervention of any conglomerate beds, leading to a 
confusion of the iron-ore rocks of the two distinct series. 

(2) The Bababudan Belt. This belt of schists lies imme¬ 
diately to the south of the Shimoga belt, and is cut out by the 
latter by the Shimoga and Tarikere granites. It consists of 
about 500 square miles, and, as mapped in 1909, was divided into 
two series, viz., the Bababudan series and the Tarikere series.^ 

The Bababudan scries is composed chiefly ot hornblendic 
igneous rocks, thin runs of quartzites and well developed fer¬ 
ruginous banded haematite-quartzites associated with solid 
iron-ores. The previous descriptions indicate that the horn¬ 
blendic rocks are composed of a number of basic flows, some 
overlying the ferruginous quartzite.^ The Tarikere series, on 
the other hand, is made up largely of chloritic schists (often 
calcareous), conglomerates and different ultrabasic rocks more 
or less weathered, and is developed to the north and east of the 
Bababudan schists. 

As usual both the series of rocks are considered to be mainly 
of igneous origin, and the exact relationship of the two has not 
been clearly made out, though it is believed that the Tarikere 
series is younger than and overlies the Bababudan Series.® 
The Tarikere series has been suggested to be the equivalent 
of the quartz-porphyry series of the Mallebennur-Sulekere 
region of the Shimoga belt.* As I have already pointed out, the 
quartz-porphyry members of the latter area underlie the banded 
haematite-quartzites, and if the Tarikere quartz-porphyries 
have to be considered as their equivalent, it throws some doubt 
on the exact position of the Bababudan haematite-quartzites— 
whether they form a different series older than the Tarikere 
porphyries or are apparently underlying the latter due to local 
inversions of the folded strata. Pi’ecise information is lacking, 
and ^or want of personal knowledge I cannot hazard any opinion. 

(3) Hole-Narsipur Belt. This small but extremely inter¬ 
esting belt of schists, covering about 100 sq. miles, formed part 
of the area mapped in 1911 by the late Prof, Sampat Iyengar.® 
According to him the region consists mainly of the dark horn¬ 
blendic schists of the lower division, with some ultrabasic 

1 W. F. Smeeth. luspection Notes. Rec. Mysore Oeol, Dept., Vol. 
IX, p. 16. 

2 W. F. Smeeth, ibid., p. 18. 

® W. F. Smeeth, ibid., pp. 23-24. 

* P. Sampat lyeagar. Rec. Dept, oj Mines and Geology, Mysore 
State, Vol. XV, pt. 2, p. 126, 1917. 

6 P. Sampat Iyengar. Rec. Mysore Oeol. Dept., Vol, XI, pp. 82-93 
and also map 1. 
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intrusives. The area consists also of thin but well formed 
outcrops of kyanite-staurolite-schists, which he regarded as the 
contact alterations of the lower hornblendic series,^ Ee-examin- 
ing this area in 1921-22, I have given elsewhere a detailed 
petrographic description of the various rock types which con¬ 
stitute this complex.® This belt of schists may be regarded as 
forming more or less a connecting link between the less altered 
schists of the northern districts and the more intensely meta¬ 
morphosed strips and stringers of schists further south in the 
Mysore district. Last year, once again, I examined portions of 
this area, and, on the basis of careful field investigations aided 
by the chemical analyses of selected specimens, I have come 
to the conclusion that the Modulgudda quartzites, micaceous 
chloritic schists, kyanite-staurolite-schists, some types of tremo- 
litic schists and the gametiferous amphibole-schists represent 
the altered phases of original sediments. The Kattekere con¬ 
glomerate which could be easily taken for a true conglomerate 
but for its position, is rather peculiar in its mode of origin. 
Consisting of a thin series of bedded grits and quartzites inter¬ 
calated in an argillitic series, it has been subsequently infilled 
with traversing veins of quartz, some of which are white and 
others bluish grey. Subjected to severe folding and crushing, 
the veins of quartz have been split up and roimded to form 
pebbly lumps in the sericitic gritty matrix. 

The sedimentary series have been intruded by thick sheets 
and sills of basic and ultrabasic igneous rocks, and portions of 
them by the granitic rocks of the region. Contact alterations, 
assimilation and interchange of material seem to have given 
rise to a large number of difierent types of rocks of petrographic 
interest, which are under a detailed study at present. Mean¬ 
while, the following tentative classification gives some idea of 
the main rock formations and the modifications they have 
undergone. 

6. Bettadasatenhalli pegmatitic intrusions, quartz-tourmalme-veins' 
quartz-veins and Mavinkore granite. (Relative ages doubtful.) 

6. Sills and intrusive sheets of “ homblende-diorite ”® and the 
amphibole-peridotites *. 

4. Kattekere conglomerate, grits and Modulgudda ^ 

quartzites, > Sedimentary. 

3. Micaceous chloritic schists. ) 

2. Actinolite-tremolite-talc-schists and serpentine masses. (Origin 

doubtful.) 

1. Greenstones. Very subordinate and not easily recognisable. 

By various modifications, these main formations have 
given rise to numerous types as seen below :— 

1 P. Sampat Iyengar, ibid,, Vol. XI, pp. 81-84. 

* B. Rama Rao, ibid,, Vol. XXI, pt. 2, p. 140, 1924. 

8 B. Rama Rao. Eee, My»ore Oeol, Dept,, Vol. XXI, pt. 2, pp. 

- 176-178, 1924. 

< P. Samjwt lyenger. Bee, Mysore Gebl. Dept,, Vol. XI, pp. 87-91. 
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A. 


B. 


C. 

D. 


E. 


P. 

G. 


H. 


I. 


Dark homblendic sehipts, resulting from 

(а) contact alterations of 1 and 2, with granites. 

(б) The crushing of chilled marginal phases of 5. 


Massive and rudely schisted greyish 
green homblendic rock. 

Pitted talcose soapstone 
Tremolite-actinolite-schists 

Kyanite-staurolite-schists and their 
associated gametiferous am- 
. phibole-schist. 
Tremolite-hypersthene-rock 

Biotite-pyroxene-dioritic rocks 

Coarse amphibole-felspar-rook 

Homblende-biotite-gneiss. {Part of 
Gunjurbetta granitic gneiss.) 


I From syntexis of 6 and 1 (?). 

From 83 mtexis of 6 and 2. 

Probably alterations from the 
ultrabasic rocks. 

Contact alterations of 2 and 3 
by later granitic intrusives 
and also by 5 

Contact alterations of 2 with 
some dolerites. 

Products of doierite-pegniatito 
syntexis. 

Product of peridotite-pegma- 
tite syntexis. 

Contaminated portions of gra¬ 
nite with the members of 
groups 3 and 4. 


The isolated position of this belt and the extreme alterations 
of its component types render it difficult to determine the 
exact position of these rocks in the stratigraphic scale suggested 
for the various formations of the Shimoga belt. At the eastern 
margin of this schist belt, there are some banded heematite- 
quartzites which seem to be older than the “ hornblende-diorite ”. 
It is probable that only portions of the middle section with 
remnants of the underlying basic igneous rocks are preserved 
here. 

(4) Attikuppa Belt. To the south-east of the Hole-Naraipur 
belt are two other isolated patches w'hich form the Attikuppa 
and the Hadnur ^ belts. They consist mainly of some amphibo¬ 
lites and serpentine rocks with fringes of a dark actinolitic schist 
at their margins. They represent zones 2 and 5 of the Hole- 
Narsipur belt; but the sedimentary intercalations, noticeable 
there, are not recognisable in these belts. 


C. The Central Group. 

*r 

The central group of the Dharwar schists forming a conti¬ 
nuous belt runs through the middle of the State with a N.N.W. 
trend in the Chitaldrug district, where it attains a maximum 
width of 25 miles. Passing southwards through the Tumkur 
and Mysore districts the belt splits up into nanw branches, 
and finally disappears a few miles to the south of Seringapatam. 
It has a total lei^th of about 170 miles in the State, and covers 
an area of about 2,000 square miles. 

The northern portion of this belt, in which some detailed 
work had been done, was originally classified by the late Prof. 


1 S. BAghavendra Rao. iJec. Mysore Oeol. Dept., Vol. XII, pp, 
133-136. 
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Sampat Iyengar ^ into three formations on the strength of sug¬ 
gested unconformities. But this did not find favour with 
Dr. Smeeth who interpreted the sequence in quite a different 
way. A re-examination of portions of this belt of schists shows 
that though the structure is more complicated in this region, 
due to the larger number of exposures of basic intrusives, yet 
a general parallelism between this belt and the Shimoga schists 
can be found in the sequence of succession of the recognisable 
sediments. In the central parts, where the basic igneous in¬ 
jections are more numerous, the recognisable clastic rocks 
become quite subordinate; but on the western aide, in the Aiman- 
gala-Marikanave region, are seen phyllites, chloritic schists, 
limestones and ferruginous quartzites similar to those of the 
Shimoga belt. In this belt there are a number of exposures 
of dark homblondic rocks both coarse and fine, apparently 
similar to those of the Kolar Gold Field. They have not been 
studied in sufficient detail. One of such is the narrow frii^e of 
dark hornblende-schist which considerably widens out between 
Sira and Bukkapatna. Originally this was interpreted as of 
the older formation underlying the chloritic schists, but the 
structural indications seem to point otherwise. The main 
rock formations, just lijke those of the Shimoga belt, can be 
classified as below :— 

Chitaldrug Granite and other later intrusives. 

/ Breceiated manganiferous and \ The G.K. formation 
I $ hesmatite-quartzites. I of Sampat lyeuger 

Upper I s Clay schists and phyllites. } with slight modi- 

Dharwars. ( » G. R. sandstones. ) fications. 

I (j» Thm pinkish and green shales I 
[ ^ and chloritic schists. | 

I Aimangala conglomerates. J 


Middle 

Dharwars. 


/ 

\ 




Jampalnaikankote-Pitlali and 
Bukkapatna granites. 

Jogimaradi and Bellara Traps 7 

Banded ferruginous quartzites. 

Limestones. 

Greenish papery ■ shales, phy¬ 
llites, and chloritic and mica¬ 
ceous schists, forming a highly 
crumpled series. 

Talya conglomerates, grits and 
quartzites. 


. Exposed at the sides 
of the lower division 
and typically deve¬ 
loped in the Talya 
and Marikanave 
\ Aimangala regions. 


I 


1 P, Sampat Iyengar. Rec. Mysore Qeol. Dept., Vol. VI, pp. 67-86. 

* W. F. Smeeth. Inspection Notes. Eec. Mysore QetA. Dept., 

Vok XI, pp, 11-3B. 
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( Mashed sericitised quartz-por- 
^ phyry, keratophyre, etc. 
g< Deformed acid and intermediate 
I flows with tiiffs, ashes, ag- 
« glomorates, etc. 
s Massive and schistose greei - 
8 stones with relics of ellip- 

^ soidal structures, and some 

i*"* dark honiblendie schists. 


Typically developed in 
the central portion 
of the belt in the 
neighbourhood of 
) Chitaldrug. 


D. The East Central Group. 

Ill the east-central zone the schists are more or less granular, 
and occur as thin patches and stringers scattered about in the 
gneissic complex. In addition to their jirimary alterations 
due to dynamic effects, they have undergone later thermal 
metamorphism at their contact with the Closex>et granites. 
Different grades of metamorphisrn under varying conditions 
have developed in them high temperature minerals like diojiside, 
hypersthene, various garnets, sillimanite, cordierite, etc. giving 
rise to several interesting rock t^rpes which have been described 
of late under various local names, viz., The Bandite series', 
Kodamite seriesSakarsanite series®* and so on. 

The thorough re-crystallisation of these rock types has 
entirely masked their original character, and on account of 
their occurrence as mere patches or stringers in association 
with some dark hornblende-graniilites or ampliibolites, they 
have been usually regarded as the modified phases of the dark 
hornblendic-schists of the “ lower division ”. The chemical 
constitution of some of the types recently analysed shows, 
however, the recognisable characteristics of pelitic sediments. 
The rocks indicate a definite stratigraphic sequence in the field 
and the exposures of the several isolated areas may be correlated 
as under:— 


Bandite series*. 

Kodamite series 2 . 

Bidloti series *. Sakarsanite 
series 3. 

Quartz-magnetite- 

Gametiferous 

Not seen Cummingtonite 

granulites. 

magnetite- 

-schists, cor- 

• 

pyroxene- 

dierite-silliman- 


granulites. 

ite-schists. 

Gametiferous 

Gametiferous 

Sillimanite mi- Quartz-pyroxene- 

quartzites. 

quartzites 

cacoous quartz- gneisses, lime- 

ites. stones etc. 

Cordierite-silli- 

Cordierite 

Cordierite- 

manite-gneiss. 

micaceous 

hypersthene- 


gneiss. 

rock. 

Spheroidal gar- 

Spheroidal horn- 

Spheroidal hom- 

netiferous 

blende-hyper- 

blende-diopside- 

hornblende- 

sthene-granu- 

granulites. 

granulites. 

lites. 



1 B. Jayaram. Bee. Mysore Oeol. Dept., Vol. XXIII, pt. 2, p. 62, 1926 

2 B. Rama Rao, iUd., Vol. XXIV, pt. 2, pp. 134-162, 1927. 

3 B. Jayaram, ibid., Vol. XXII, pt. 2, pp. 29-36, 1925. 

* B. Rama Rao, HM., Vol. XXI, pt. 2, pp. 233-239, 1924. 
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In addition to them, there are numerous other isolated 
patches, some scarcely exceeding 10 or 15 sq. ft. in dimensions, 
scattered about in the gneissic complex. Amongst these, the 
micaceous schists show coarse crystals of andalusite, the siliceous 
quartz-schists some scales of graphite, and the ferruginous 
patches coarse crystals of a series of hypersthenes. It is 
probable that these various types represent the intensely meta¬ 
morphosed facies of the original sediments (comparable to the 
middle Dharwars of other areas) preserved as remnant patches 
in the axial regions of the folded gneissic complex. 

E. The Eastern Group. 

Kolar Schist Belt :—Situated near the eastern end of the 
State in the Kolar district, this belt of schists extends north 
and south for a distance of 40 miles with a maximum width of 
4 miles covering in all an area of about 100 square miles. Owing 
to its importance as the centre of the gold raining industry in 
the State, the geology of this schist belt has received consider¬ 
able attention from the officers of the State Geological Depart¬ 
ment, from the geologists attached to the mining companies 
and also from other casual observers. 

The earliest detailed investigation of the Dharwar schists 
of Mysore began with this small belt, and the inferences' drawn 
therefrom have influenced to a large extent the interpretation 
of the geology of the Dharwar schists as a whole. 

This belt is composed almost entirely of the dark hornblendio 
rocks, showing a good deal of variation in texture and structure. 
These are believed to represent a series of altered basic lavas. 
Detailed microscopic investigations and the results of analyses 
of more than a dozen specimens confirm that very many types 
amongst them are of igneous origin. The disposition of these 
various types has been plotted in great detail by Mr. Jayaram. 
A recent petrographic study of Kolar schists by Mr. M. B. 
Ramaohandra Rao, to be published shortly, will form a useful 
addition to the existing information on these interesting rocks, 
and it will contain Mr. Jayaram’s map slightly modified and 
reduced to a suitable scale. 

Close to the eastern and western edges of tins schist belt 
are some bands of ferruginous quartzite believed to be of igneous 
origin. My studies of similar rocks in other parts of the State 
have convinced me of the sedimentary origin of such types, 
and it remains yet to be seen if these Kolar exposures are in any 
way different to the others. 

I should like to add a few words here regarding the “ Sakar- 


I W, F. Smeeth. Notes on the geology of the Kolar schista. 
Appendix to the ]^port of the Chief Inspector of Mines for the year 
Mysore Geol, Dept,, pp. i-xiv, 1901. 
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sanite series ” already noted, which have of late given rise to 
some controversy regarding the interpretation of their origin 
and correlation. They form a series of cut up and insignificant 
outcrops of some impure manganiferous limestones, hornblende- 
schists, quartz-pyroxene-gneisses and cummingtonite-schists, 
etc., occurring about 2 (ff 3 miles to the West of the western edge 
of the schist belt near its southern end. Criticising Mr. Jayaram’s 
suggestion of their probable pre-Dharwarian age, the authors^ 
of a recent paper on the origin and correlation of tliis series 
have maintained that the several types are the various phases of 
contact alterations of the dark hornblende-schists of the lower 
division, and have no existence as a separate series. But Dr. 
Krishnan ^ relying on their verbal descriptions, suggests the pro¬ 
bable alliance of the series with the Gondites (Middle Dharwars) 
on the strength of the occurrence of some manganiferous marble. 

In parts of the Chitaldrug schist belt, especially in the 
Kudurekanavo and Chicknaikanhalli regions, many of the 
dolomitic marbles of the middle Dharwars of my classification 
contain variable proportions of manganese, as seen by some of 
the specimens analysed. Here and there, rhodonite and coloured 
manganiferous cummingtonites have been produced in such 
flolomites as results of thermal alterations. 

The Sakarsaiihalli limestone may perhaps represent a more 
intensely metamorphosed facies, of a dolomitic limestone of 
the same horizon. If this were so, by the way the remnants 
of this series of rocks are consistently dipping towards the main 
belt of schists of hornblendic rocks, the latter would ai)pear 
to be of an age younger than the middle Dharwars. Anyway, 
the Sakarsanhalli exposures are too much cut up and form too 
insignificant a series to form the basis for any authoritative 
statement. 

Sargur Schists ®.*—Apart from these distinctly recognisable 
patches of the Dharwar schists, in the south-western part of 
the Mysore district is a fairly wide area of a highly metamor¬ 
phosed complex consisting of bands of granulitic schists con¬ 
taining variable proportions of sillimanite, kyanite, staurolito, 
graphite, corundum, rutile and other minerals usually suggestive 
of thermal metamorphism of argillaceous sediments. Associated 
with them are found crystalline limestones having \Tiriou8 
oalo-silioates, quartz-magnetite-pyroxene-granulites, granulitic 
pyroxenites, peridotites and various amphibolites and eclogitic 
types. This group of granulitic rocks might be styled the 

1 M. B. Ramachandra Rao and K. Sripada Rao. Tho Origin and 
Correlation of the .Metamorphie rocks of the Sakarsaiiahalli ai^ea. BulL 
Mysore Oeol. Deja.l No. 14, 1934. 

2 M. S. Krishnan. Presidential address to the Geology Section, 
Twenty-second Indian Science Congress, 193.5. 

8 B. Jayaram. Bee. Mysore Qeol. Dept., Vo], XIII, pp. 82-90 
and pt. 1. 
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“ Sargur series The correlation of this complex belt and the 
original character of many of its constituent types have not 
been definitely settled. It seems to constitute a jumbled 
series of intensely altered sediments and igneous rocks. The 
mineral constitution of some of the types and the association 
of the h 3 rperBthene-granuliteS (comparable to the Chamockites) 
suggest the alliance of this series with the Eastern Ghat facies ' 
of the Dharwars. 

This brief description of the crystalline schists will show 
you that in the northern districts where the Dharwars are least 
metamorphosed and well preserved it is possible to classify 
them into a lower, middle and an upper division. As we proceed 
southwards, the topmost members disappear, the rocks get 
more and more metamorphosed, and, owing to the disconnected 
nature of the exposures, the recognition of specific horizons 
becomes extremely doubtful. We have to rely on future inves¬ 
tigations to decide whether the Sargur region discloses the more 
intensely metamorphosed facies of the portions of the lower 
and the middle Dharwars of the Shimoga belt, or reveals a zone 
of still older rocks not represented in the Shimoga area. 

The Base of the Dharwars :—might say here a word about 
the base of the Dharwars. It is now well known that the 
basement rock on which the oldest crystalline schists could 
have been laid down is not clearly recognisable anywhere in 
the Archsean tracts of Peninsular India. Similar conditions 
prevail in the Archaean terranes of the Lake Superior region. 
South Africa and elsewhere. The perceptible intrusive relation¬ 
ship of the granitic rocks towards their associated crystalline 
schijsts, and the apparent absence of the original granitic floor 
in such Archaean terranes is sought to be explained by the 
theory of sub-crustal re-fusion. To what extent such re-fusion 
could have taken place is still a debatable point. In Mysore, 
evidences of re-fusion and re-crystallization are certainly percep¬ 
tible, especially in the southern parts of the State, to a limited 
extent, but the whole mass of the granitic gneisses does not show 
any striking abnormalities of character suggestive of a re-fusion 
of mixed material, on a regional scale. 

Dr. Smeeth, with his theory of horizontal or lateral invasion 
of the granitic gneisses, suggests that the older sections of the 
Dharwars with their original basement rocks might have been 
lying buried beneath thick sheets of these later invasions*. 
To me it appears that magmatic stoping has played a consi¬ 
derably larger part than is given credence to, and the original base 
probably remains still as unrecognised islands amidst the later 
intrusive granitic complex. According to Dr. Smeeth, it is 
almost impossible to get at the original basement, whereas 


1 L. L. Fennor. Proc. AakA. Soc. Bengal, N,B. XV, p. cbtxvii, 1919. 
* W. F. Smeeth. J?ec. Mysore Qeol. Dept., Vol. XI, pp. 62-84. 
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according to my conception it is possible by careful investigation 
of the gneissic complex to detect the basement remnants. A 
very considerable amount of detailed work remains yet to be 
done on the complex of granitic gneisses before we can profitably 
speculate as to what might have been the original character 
of that basement and in what condition it could be recognised 
now. 


GRANITIC GNEISSES. 

With this brief notice of the Dharwar schists we may now 
pass on to the granites and gneisses which occupy by far the 
greater part of the State. From the gneissic complex of Mysore, 
granitic types of four distinct epochs of intrusion are claimed 
to have been separated. My recent investigations indicate 
that there are only two series of granites of clearly separable 
periods of intrusion. Granitic types of the groups differentiated 
as the Champion gneiss and the Peninsular gneiss appear to 
mo to l)elong to one and the same eruptive epoch. 

(1) Champion Gneiss :—^This term was originally applied 
to a highly crushed, fine grained, dark grey, micaceous gneiss 
found intruding the Kolar schists at their eastern edge, and 
forming with them a crush conglomerate. Some of the specimens 
of the granitic gneiss show blebs of opalescent quartz of blue, 
dark grey or smoky brown colour. 

The detection of similar opalescent quartz as a constituent 
of many of the acidic rocks which occur in close association 
with the basic schists of Dharwars, led to the subsequent ex¬ 
tension of the term to include them. Consequently at present 
the following types of exposures are grouped imder this division. 

(1) Acidic flows :—Rhyolite, keratophyre and other types 

described under the name apo-rhyolites.^ 

(2) Minor injections:—Sheets, sills and dykes of quartz- 

porphyry, felsite and other allied types. 

(3) Small stocks, bosses and shield shaped masses® of 

granitic rocks of the schist belts, finer grained and 
’ grading into a granite-porphyry at their margins. 

(4) Larger granitic massifs, bordering the belts of schists, 

coarser in texture, often porphyritic and sending 

apophyses into the schists along their contact. 

(5) Various acidic schists, like quartzites, felspathic grits, 

sericitic grits, etc. 

This indiscriminate extension of the term on the basis of the 
detection of opalescent quartz, however convenient for mapping 


1 B. JayaTam. Rec. Dept, oj Mines and Geoh, Mysore State, 
Vol XIV, pt. 2, p. 90. 

* B. Saiyamm, iind., Vol. XIV, p. 87. 
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purposes, has unfortunately led to some confusion and mis¬ 
interpretation of the mode of origin of the different types and 
their relative stratigraphic positions. 

My recent investigations indicate that the opalescent 
quartz as an original constituent is found only in the igneous 
rocks of groups 1 and 2, It occurs as detrital grains in the 
schists of group 5 which are clearly sedimentary. In the “ gra¬ 
nite-porphyry ” type of group 3, it occurs only as xenocrysts 
along its margins or else in the xenolithic patches in the main 
mass. In the granites of group 4, it is very rarely found. 

The granite or “ granite-porphyry ” outcrops of the Shimoga 
schist belt appear to be the cupolas of the adjacent granite 
masses, and 1 agree with Mr. Jayaram in regarding both as the 
difierent phases of consolidation of one and the same eruptive 
magma. Towards their actual contact with the schists, finer 
grained types and even chilled phases with a felsitic texture 
are noticeable. But such finer grained phases have to be care¬ 
fully separated from the distinctly older members of the por¬ 
phyry series and apo-rhyelites. 

This recent recognition of the acidic rocks as of two distinct 
periods of eruption, viz., (1) Flows and sills of an older period 
synchronous with the rest of the greenstone schists of the lower 
Dharwars, and (2) Granite-porphyry and granites of a distinctly 
later i)eriod of intrusion, with an intervening recognisable 
break, naturally raises the question as to which of these groups 
the name “ Champion gneiss ” has to be retained. 

The term “ Champion gneiss ” as originally applied was to 
the crushed or gneissic phase of a normal granite and as such 
it is but reasonable to retain that name for the oldest recognisable 
granitic intrusives (including their finer grained and chilled phases 
of crystallisation) into the Dharwar schists. There is no need 
to have any separate name for the acidic flows and sills which 
‘ form but an integral part of the lower Dharwars. 

These oldest granites and granitic gneisses cannot be satis¬ 
factorily differentiated from many of the granitic gneisses of the 
major gneissic complex of Mysore (Peninsular gneiss). Such 
of the distinguishing characters as are observable between the 
two have been fully dealt with by me elsewhere.^ 

(2) Peninsular Gneiss :—^As classified at present the Penin¬ 
sular gneiss includes the granitic gneisses and gneissic granites 
of variable appearances, produced by the relative proportion 
of colourless and coloured minerals and the mode of disposition 
of the latter. The distinctly plutonic types include granodiorites, 
granites and adamellites with syenitic and dioritic phases as 
local modifications. Such diversity of types among the ex¬ 
posures of these complex intrusions can often be traced to the 
incorporation of disintegrated xenooiysts frcmi stoped out 


1 B. Rama Rao. Reo. Mywre (SeoJ. Dept., Vol. XXXllI, pp. 80-101. 
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blocks of basic schists, to selective fusion, and to varying extents 
of assimilation of the sunken blocks. In addition, the complex 
includes various banded granitic gneisses, some with garnets, 
others with considerable biotite, some highly siliceous and others 
abnormally sericitic, on which at present we have no reliable 
information. It is highly doubtful how many of these are 
actually deformed granites. Combining all the distinctly intru¬ 
sive granitic types bordering the Dharwar schists into one 
division, the Champion gneiss, it is better to retain the term 
Peninsular gneiss for the rest of the gneissic complex more as 
a convenient descriptive term than as an indicator of any dis¬ 
tinct granite of an established or definite period of intrusion, 
leaving open the ground for careful further investigations. 
It is quite probable that these heterogeneous gneisses might 
disclose the remnants of the original base on wliich the Dharwars 
have been laid down. 

(3) CharnocJcites :—In the southern part of the State are 
exposed a series of hypersthene-granulites of varying composi¬ 
tion, whuih are comparable to the charnoekites of southern 
India, in their general appearance. They are believed to con¬ 
stitute a series younger than the Peninsular gneiss of Mysore. 
Except in the eastern and western frontiers of the southern 
parts of the State, where thay are shown as solid belts of 
mappable dimensions, in the rest of that area the hypersthenic 
rocks are scattered as isolated bands and stringers often asso¬ 
ciated with and grading into hornblende-granulites suggested to 
be of the Dharwar age. My work in the Mysore district ha.“ con¬ 
vinced me that it is impossible to separate these basic granulitic 
rocks as of two unrelated distinct ages,—the hornblende-gra¬ 
nulites as ot the Dharwar period older than the granitic gneiss 
(Peninsular gneiss), and the hypersthene-granulites as of a 
younger formation intrusive into the gneiss.^ 

The solid belt of charnoekites of the Biligirirangan range 
of hills when mapped in detail resolves into a banded series 
of biotite-gneisses, stringers of bouldery norites and biotite 
granitic gneisses, containing varying proportions of hypersthene. 
The’ area has not as yet been exhaustively studied, but the 
observable evidences indicate the probability of the hypersthene- 
bearing gneisses being the hybrid types produced by the incor¬ 
poration of Jiorite patches in the later formed biotite-granites. 
The tiorites and ‘‘intermediate charnoekites” occur as discon¬ 
nected patches of boulders amidst the larger masses of granitic 
gneisses without cutting across their foliation, but rarely it is 
also seen that some of these isolated patches do transgress the 
strike of foliation of some gneiss which itself occurs as large sized 

1 B. Bama Rao. Rec. Mysore Geol. Dept., Vol. XXIII, pt. 2, 
pp. 92--93, 1926. 

B. Rama Rao, ibid., Vol. XXIV, pt. 2, pp. 124-126, 1927. 
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xenoliths in the granitic gneiss of the region. The original 
nature of the gneissic rock into "which the noritic type might 
have intruded is not in the least clear. 

A careful study of the various hypersthene-bearing rocks 
of the southern parts of Mysore, indicates that the mineral 
has been produced in different rock types under varied conditions, 
for instance, 

(1) By contact alteration and silicification of the peri- 
dotitic masses, as near Dodkanya. 

(2) By probable assimilation of argillaceous material by 
basic intmsives, as near Kodamballi, Kunigal, Sargur and 
Bidloti. In these instances the h 3 rpersthenes are more or less 
prismatic and show slight differences in tones of their pleochroic 
colours. They are associated with kyanite, sillimanite and 
cordierito bearing rocks, 

(3) By contact alteration of cummingtonites of the fer¬ 
ruginous formation in the vicinity of the Closepet granites. 

(4) By disintegration and incorporation of bouldery norites 
in some of the granitic gneisses. 

(5) By thermal alteration of some varieties of amphiboles 
at their contact with basic dykes. 

All these types are more or less granulitic or sub-schistose, 
and have a fair resemblance to the charnockites of southern 
India. 

Some years ago the late Mr. Vredenburg^ made an inge¬ 
nious suggestion that the charnockites and khondalites may 
represent the extremely altered phases of Dharwars (volcanics 
and sediments) and their equivalents, and this was vehemently 
refuted by the late Prof. Sampat Iyengar.® Whether Vreden- 
burg’s suggestion could be substantiated or not, the view that 
the charnockites ” are separated by a time interval of two 
epochs of granitic intrusion seems to be groundless. A good 
deal of work has yet to be done on these pyroxene-granulites 
to understand their definite status. So far as I have seen they 
do hot appear to me to be the differentiated phases of crystal¬ 
lisation of any one original normal igneous rock, as has been 
claimed to be the case "With the South Indian charnockites. 

(4) Gloaepet Gfranites :—^The Closepet granites clearly in¬ 
trude all the formations till now mentioned, and they are in their 
turn traversed by felsites, porphyries and some dolerite dykes. 
The granites of this series are usually coarser in texture and 
often porphyritic, the porphyritic felspars generally being 2 to 
3 inches in length. The felspars are mostly some shade of pink, 
though grey varieties are also noticeable, especially along the 


1 E. W. Vredeuburg. Joum. AtuU. Soc, Bengal, N.S., Vol. XIV, No. 8, 
1918, pjp. 433-448. 

4 P. Sampat lyeogar. BtiU. Myaon Oeol. Dept., No. 9, pp. 22-24, 
1920. 
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margins of the granites. These rocks have already been suffici¬ 
ently noticed in some previous addresses^ from this Chair, 
and there is no need for me to say anything more about them 
here. 

COBRELATION. 

Outside Mysore, excepting a small portion of the Cham- 
paner series of Gujeiat, 1 have no personal acquaintance with 
any of the series of crystalline schists which are being commonly 
classed with the Dharwars, and as such 1 do not feel confident 
to discuss fully the question of coiTelation of the Mysore facies 
of Dharwars with their probable equivalents in other parts 
of Peninsular India. As you are aware, Dr. Krishnan^ has 
dealt with this aspect in his presidential address last year, 
and has given a general scheme of corielation of the Dharwarian 
rocks of the different regions. He has suggested therein that 
the Dharwar bands to the north of Mysore are mainly of the 
iron ore series (upper Dharwars), the older divisions if present 
being very meagrely represented. 

I have indicated iw this address that in the less metamor¬ 
phosed legions of Mysore, it is possible to classify the Dharw'ars 
into three divisions, not so much on lithological grounds, but 
on the strength of clearly recognisable unconformities. What 
exactly is the magnitude of these stratigraphic breaks, whether 
they are only local and of'minor interest or wdiether they are 
traceable consistently over large areas is yet to be ascertained. 

In Mysore the “ ferruginous quartzites ” occur, to variable 
extents, in all formations,—as thin ferruginised dark grey 
minutely banded cherty rocks (silicified felsites ?) in the lower 
division ; a; typical banded haematite-quartzites in the middle 
division ; and as reconstructed brecciated types and ferruginous 
silts in the upper division. Therefore the correlation of the 
Dharwars as of any particular division on the basis of the occur¬ 
rence of the “ iron ore rocks ” without their careful differentiation 
into one or other of these types is likely to be of doubtful value. 

The ferruginous silts of the upper division as seen in parts 
of the Shimoga and Chitaldrug schist belts appear to be not 
very extensive within the State, and I do not know if they might 
have developed to a larger extent further north in the Dharwar 
district. Similarly, the clearly recognisable fenuginised cherts 
or felsites in intimate association with the greenstones and 
greenstone-schists of the lower division. are also but poorly 
represented when compared with the thick series of the banded 


1 W. F. Smeeth. Bull. Dept, of Mines and Geology, Myeoro State, 
No. 6, pp. 18-19, 1916. 

P. Sampat Iyengar. Butt. Mysore Qeol. Dept., No. 9, pp. 24-26, 
1920. 

2 M. S. Krlshnan. Presidential address to the Geology Section, 
Twenty-second Indian Science Confess, 1936. 
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ferruginous quartzite rocks of the middle division. It looks 
to me as if the iron-ore series of Chota Nagpur and adjacent 
parts, which Br. Krishnan classifies as upper Dharwars, cor¬ 
responds to what 1 have classified as the middle Dharwars 
in the Shiraoga and Chitaldrug schist belts. It is this division 
which shows a larger development in Mysore. 

As I have already stated, progressive metamorphism is 
indicated in Mysore from north to south, and on account of the 
extreme alterations of some of the rock types, and due to their 
discontinuous distribution, the exact horizons of many of the 
isolated strips of schists in the southern districts cannot be 
definitely made out. In these regions it becomes highly doubtful 
if We are dealing only with the middle and the lower Dharwars 
or of some series older than the lowest recognised horizons of 
the northern parts. 

If the sillimanite-quartzites and the kyanite, staurolite, 
silliinanite. graphite-schists with their associated thin bands 
of crystallin(i limestones, quartz-magnetite-pyroxene-rocks and 
various basic granulites, of the “ Sargur aeries ” could be satis¬ 
factorily traced to be the portions of middle Dharwars more 
intensely metamorphosed here due to the intrusions of later 
granites, then the relics of the lower Dharwars will have to be 
sought for among the intercalations of the basic greenstones 
in the gneissic com])lex. It is intert;sting to note that the 
mineral constituents of the various members of this “ Sargur 
series ” are almost similar to the rock formations of parts of the 
Sausar series of the Central Provinces and the khondalite 
series of the eastern ghats, both of which are regarded as of the 
middle Dharwar division. Two thin lenticles of grey dolomitic 
marbles are found in the crystalline schists of this series, but 
no manganiferous horizons are noticeable in the region. Though 
their lithological characters and association are suggestive of 
their being of the eastern ghat facies of the middle Dharwar 
group, definite evidences are lacking to conclude them to be so. 

There has been some contention in fitting the Indian 
Dharwars with the standard scale of classification of the Pre- 
Cambrian strccession of the Lake Superior Region. Sir Thomas 
Holland ^ while conceding the Dharwars to be Archaean, main¬ 
tains that they have to be classed only with the Huronians, 
whereas the Mysore Geological Survey favours the view of the 
Dharwars being the equivalents of the Keewatin schists.® 


1 Sir T. Holland. Imperial Gazetteer of India, Vol. I, ch. II, 
Cteology, p. 66, 1909. Also see Holland’s Comments on ‘ Itemarks on 
the Underground Geology of the Kolar Gold Field Trans. Inst. Min. 
and Met. London. Vol. XXXIII, pp. 120*124, 1924. 

2 W. F. Smeeth. BuU, Dept, of Mines and Oeol., Mysore State, 
Ho. 6, p. 20, 1916. 

W. F. Smeeth. i?«c. Mysore Oeol. Dept., Vol. XXIII, pt. 2, p. 39, 
1926. 
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There has been some disagreement between the Canadian 
and American geologists regarding the interpretation of the 
term Archaean. In a paper recently published ^ I have discussed 
this question of correlation of the Dharwars at some length, 
and have suggested therein the probability of our Dharwar 
schists, as classified now, comprising parts of both the Keewatin 
schists and the Huronians. I have not yet seen any reason to 
withdraw this suggestion which I have tentatively put forward. 
To me it appears that the igneous schists (both acid and basic), 
which 1 iiavc classified as the lower Dharwars, etrrespond both 
in position and character to the Keewatin schists of North 
America, and it is doubtful if the banded ferruginous quartzites 
with their associated sediments, correspond to the lower Huro¬ 
nians, or the (Jrenvillc series of Canada. If they could be cor¬ 
related with the former, then the thin series of ferruginous 
silts and friable quartzites of my upper division of the Dharwars 
may correspond to some higher liorizon in the Huronians. The 
sequence of succession of the different formations of the Archaean 
complex of Mysore as given in the tabular statement below is 
essentially the same as contained in the paptir referred to, 
excepting some minor modifications especially regarding the 
position of the older series of granitic rocks (Champion gneiss). 
A considerable amount of detailed mapping has yet to be done 
in the different Archaean tracts of India before one can, with 
anj'^ confidence, suggest a closer correlation, than that attempted 
here, of the several components of the Archaeans of India, with 
the well recognised horizons of the Archasans of the Lake Superior 
region. 


Statement showing the tentative classification and correlation 
of the main divisions of the Archaean Complex of Mysore. 

Mysore. North Aiiierican 

Equivalents. 

a. Closepet Granite (slightly foliatorl coarse Algoman granites 
pink and grey granitic rocks—-rarely (slightly foliated 

hombleudic). pink granites). 


Eruptive contact. 


4. 


3. 


Crumpled clays, sandstones and the breccia- 
ted hematite-quartzites, (the G. R. For¬ 
mation of Sarnpat Iyengar) and the fer¬ 
ruginous silts and grits and conglomerates 
of the Komaraohalli area (Upi)er Dhar¬ 
wars of this paper). 

Granite-porphyry masses and the granites 
of Shimoga, Honnali etc. (Granitic and 
syenitic gneisses, foliated grano-diorites, 
etc.) 


Upper Huronian ? 


Laurentian ? Foliated 
granitic and syenitic 
gneisses, etc. 


1 B. Rama Rao. Bee. Mysore Geol. Dept., Vol. XXXIII, pp. 68-79, 
1035. 
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Mysore. North American 

Equivalents. 

2. (a) Older conglomerates, quartzites, argillitic''^ 
schists, limestones and dolomites and 
banded haematite-quartzites of parts 
of the Chitaldrug and Shimoga districts, 
described as Middle Dharwars in this 
paper. 

(6) Kyanite-staurolite-schists, etc., with their 
associated pyroxene-granulites of the 
Sargur series of this paper. Contact 
alterations of the Middle Dharwars (?) 

1. (a) Schisted greenstones, calc-chlorite-schists, Keewatiri offusives, 
keratophyres, felsites and quartz-por- with minor sediments, 
phyry-scliists, intercalated with thin 
bands of mica-chlorite-schists, ferru¬ 
ginous cherts and impure granulitic 
limestone lenticles. (Described as 
Lower Dharwars in this paper). 

(6) Some dark granular hornblende-schists. Contact alterations 
epidiorites, eclogites etc. with sub- of Keowatius ? 
ordinate lenticles of amphibolo-magne- 
tite-hsematite-quartzites, and dolomi- 
tic limestones of the gneissic complex 
of southern parts of Mysore. 

(Contact alterations of the Lower 
Dharwars ?) 

Original Basement ? Original Basement ? 

1 art! aware that many of my views freely expressed in this 
address regarding the interpretation of the genesis and classi¬ 
fication of these crystalline schists are quite at variance with 
the expressed ideas of my predecessors in the Mysore Geological 
Survey. But generalisations based for the time being on the 
then available data will have to be modified if better and con¬ 
vincing evidences come to light by subsequent detailed investi¬ 
gations, I may say now, that the geology of the Dharwar 
schists of Mysore, though perhaps more complicated by various 
igneous intrusions, is not dissimilar in its major aspects from that 
of the other Dharwarian tracts of Peninsular India. The essen¬ 
tial points of differences on the questions of classification and 
correlation which are still existing may be bridged over by 
farther scrutiny and comparison of results or by a joint investi¬ 
gation of a few selected typical sections of different regions of 
Archsean tracts by a small committee of experienced geologists 
in India, who possess an authoritative knowledge of the different 
regions they represent. 

But considerable groimd remains yet to be covered on the 
geochemical side to correctly int^ret the involved genetic 
problems of many of the interesting rook types of the Arch®an 
complex. This needs individual efforts, and I daresay enthu¬ 
siastic workers will not be wanting to tackle them and give us 
ere long the results of their investigations, and contribute their 
share towards enriching the existing information on these 


I Lower Huronian ? 

\ or 

( Grenville Series of 
Canada ? 
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GENERAL. 

1. The efiEect of the presence of a dyke in the bed of the Manjra 

river at Mzarasagar. 

G. G. Nabke, Poona. 

The damage caused by erosion in front of one of the flood gates at 
Kizamsagar is described by the author, and suggestions are made for the 
proper locations of dam sites and flood openings in them. 

2. On the saline efflorescence in the Bangalore-Kolar lateritic 

masses. 

M. B. Ramachandka Rao and E. R. Tirumalachar, Bangalore. 

An iiitoresting phenomenon of saline efflorescence has been noted in 
the lateritic masses occurring extensively in some parts of the Bangalore 
and the Kolar districts in the Mysore State. From field observations, it 
has been possible to trace the various stages in the conversion of the 
granitic gneiss to latorites. The most well-developed upper zone of these 
lateritic masses is of a composite character, being constituted of a more 
or lees ferruginous, gritty, mottled clay with abundant indurated, con¬ 
cretionary and nodular latorite. These concretionary nodules are dis¬ 
tributed as a network of crude, vertical, or columnar masses in the mottled 
clayey matrix, and in surface exposures they have a cavernous appearance. 
XTsually, in sucli caves the saline efflorescence is conspicuous. 

Tho saline earth is mainly composed of a powdery, granular and 
flocculated mass of clay, some quartz and a limonitic substance. Tho 
salinity is duo chiefly to NaCl with Na 2 S 04 in some, and they form usually 
not more than about 0*5 p.c. of the saline earth. 

From a detailed enquiry into the various geological and chemical 
aspects of the efflorescence, the authors conclude that:— 

(1) the prevalence ot capillary action is definitely indicated in the 

process of lateritization, and that the segregations of FeoGj 
with SiO'i are probably due to such an action ; 

(2) the climatic factor is clearly indicated in the formation of 

laterites ; 

. (3) The circulation of the saline solutions (electrolytes) probably 

separate some silica from these colloidal masses but tho 
absence of this factor on any large scale provides an explana¬ 
tion for the absence of pure bauxites and laterites in this 
area. 


STRUCTURAL GEOLOGY AND STRATIGRAPHY. 

3. A note on the stratigraphical distribution of the fora- 
minifera in the Trichinopoly Cretaceous. 

L. R ama Rao, Bangalore. 

After giving a brief account of tho various foraminifera found in the 
Trichinopoly Cretaceous rooks, attention is drawn to the gradual change 
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in the general character of the foraminiferal fauna in passing from the 
Utatur to the Niniyur stage. The possibility of using this variation for 
purposes of stratigraphical classification and correlation is discussed. 


PALAEONTOLOGY. 

4. Fossil echinoids from the Laki dome and the hills near 

Bagatora, Sind, and their stratigraphical distribution. 

Raj Nath and R. C. Misra, Benares. 

While working out the zonal sub-division of the Lower Nari Seri^, 
an extensive collection of fossils including nummulites, corals, echinoids, 
lamellibranths and gastropods was made in 1932 from areas west of Laki 
(26° 16'; 67° 57') and Bagatora (26° 21': 67° 55'). 

The echinoids from the collection have been studied and found to 
support the zoning done in the field. A new species and two new finds 
for the area have been mcorded. The results of the present investiga¬ 
tion lend further support to the conclusions derived from a study of the 
nummulites and the gastropods, which were read before the last Bombay 
session of the Indian Science Congress. 

5. Fermoria Minima : A revised classification of the organic 

remains from the Vindhyans of India. 

M. R. Sahni, Calcutta. 

The small discoidal bodies discovered by Mr. H. C. .Tones in 1908 
from the Vindhyans of India have been the subject of considerable 
divergence of opinion as regards their systematic position, even extending 
to whether they belong to the animal or the vegetable kingdom. They 
have even been regarded as of inorganic origin. Dr. Frederick Chapman 
has recently attempted to show that they are primitive brachiopods and 
has propos^ a classification creating a number of new species. 

At the request of Sir Lewis Fermor, the author undertook the detailed 
examination of the holotsrpes and figured and other specimens. He has 
come to the definite conclusion that these fossils do not show any character 
wliich could be definitely attributed to the Brachiopoda. Mr. Chapman 
appears to have based Ins species on characters which are not inherent in 
the fossils but are dependent on their state of preservation. An attempt 
has been made to show that the species Fermoria granulosa, F. capsella, 
and ProtoboU^la jonesi are identical with Fermoria minima. Chapman. 
The carbonized nature of the fossils further suggests that they are pro- 
balsiy not of animal origin. But much more work remains to be done 
before the systematic position of these fossils can be satisfactorily 
ascertained. 

MINERALOGY. 

6. Notes on agates and amorphous silica in the Deccan traps 

of parts of Osmanabad district. 

C. Mahadevan, Lingsugur. 

7. The probable occurrence in nature of a mineral containing 

AljO,, HjO and KgO. 

M. R. Anantanabayajta Iybe, Bangalore. 

No mineral containing these three constituents alone has, as far as 
could be seen, beoa report before. A mineral of this nature seems to 
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be present in an earthy looking whitish substance obtained from near 
Karekurchi mines (Lat. 13° 20' and Long. 76° 45'). It resembles whitish 
clay in appearance and physical properties. It has a low refractory quality. 
It has nearly the ultimate composition of muscovite—the values being 
6-76% H 2 O, 46-59% SiOg, 31-77% AlaOg. 2-46% FegOs, 2-73% MgO 
and 8-13% K 2 O. But the combined silica is as low as 4-45%. Strong 
HCI is not found to dissolve out any appreciable portion of KgO* AlgOg 
and to form soluble silica. From these it is inferred that the specimen 
may contain a mineral containing KgO, AljOg and H 2 O along with bauxite 
or a hydrous aluminium silicate or both. Further work is being done to 
isolate the mineral if possible and stiuly its nature. 

8. The fonnula proposed for Vredonburgite. 

M. R. Anantanabayana Iyer, Bangs loro. 

In a paper read before the Geology section of the Science Congress 
in 1932, 

a (Fe 203 . Mn 203 ), b (FesO*. MnsOi) 

was suggested by the author as an alternative fonnula for tho mineral, 
Vredenburgite. His subsequent experimental work on some 4 specimens 
of tho mineral has supported the correctness of this foi-mula as applicable 
to all speoirnens. Known weights of the powdered mineral wei-e treated 
with dilute sulphuric acid and sodium oxalate, reaction was allowed to go 
on in the cold for different lengths of time so as to got different weights of 
the uriattackod residues and Mn, Fe and MnO-i values in tho residues wore 
dotonnined after filtering them off. Tho ratio of Mn : Fe in tho specimen 
as a whole was not maiutainod in the residues in the ease of three specimens 
but was fomid to bo leas showing a tendency to approach more and more 
tho value 1. Hence these specimens were chemically non-homogeneous. 
But the residues of one specimen, where the ratio of Mn to Fe was nearly 
1, contained Mn and Fe in the same ratio, thus showing that this specimen 
was homogeneous chemically. The requirement for the formula suggested 
is that Mn to Fe ratio should be 1. Hence it is suggested that tho formula 

a (FegOs. Mn 203 ) b (FegOi. Mn^O^) 
may be take*' as the correct one for the mineral. 


PETROLOGY. 

9. The hornblende-pyroxene granulites near the Bull Temple, 
Bangalore. 

B. Rama Rao and M. B. Ramachandra Rao, Bangalore, 

A detailed petrographic investigation of tho basic inclusions occurring 
in the gneissic complex close to the Bull Temple, South Bangalore, has 
revealed the existence of a series of granulitic rocks ranging in character 
from a norite to an amphibolite. An inquiry into the paragenesis of these 
varied suite of rocks has indicated the origin of the homblendic types 
from the noritio granulites by different degrees of retrograde and contact 
metamorphism resulting from the intrusion of the granitic gneisses. 

The main sequence of formation of the different types has been as 
follows;— 

Types, Nature of 

alterations. 

(i) Granulitic norites with patches ^ XJralitization. 

and nodules of finer grained > Origin doubtful 
hypersthene granidite. ) 
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Types. Nature of 

alterations, 

(ii) Hornblende, biotite, hypersthene Low tempera- Uralitization and 

granulites and hornblende / ture dynamo amphiboliza- 
biotite granulites. S metamorphos- tion. 

(iii) Hornblende, chlorite, epidote \ ed phases of Chloritization. 

granulites. ■> (i). 


(iv) Banded and veined hornblende, "s 

diopside granulites, granular f dificationrS 
hornblende schists and amphi-1 /.... 

bolites. ) 


Be-crystallization 
and reconstruc¬ 
tion. 


The different stages in the retrograde metamorphism are marked by more 
or less distinctive mineralogical changes, but in the higher grade of 
metamorphism the textural and stractural alterations are also evidenced 
in addition to the mineralogical transformations. The orthopyroxene 
(hypersthene) of groups 1 and 2 is a peculiar purplish, highly pleochroic 
variety and the hornblendes as noticeable in the several groups seem to 
bo of three different types. 


10. Petrological notes on marbles from Yellandu. 

Syed Kazim and C. Mahadevan, Lingsugur. 

11. Evidences for the sedimentary origin of some of the con¬ 

stituents of the Eharvyar schists. 

B. Rama Rao, Bangalore. 

The igneous origin of the types like conglomerates, quartzites, mica¬ 
ceous schists and limestones, forming parts of the Dharwars, postulated 
by Dr. Smeeth and some of his followers has been unacceptable to many 
other geologists including the author. Recent detailed investigations in 
Mysore have shown that despite the fact of the occurrence of a few of 
such outcrops of presumable igneous origin, many of the larger exposures 
disclose reliable evidences in support of their sedimentary origin. Struc¬ 
tural indications like bedding, current bedding, ripple marks, rain prints, 
and sun-cracks as noticed by the author, still well preserved, in the loss 
altered members forming parts of the Shimoga and Chitaldrug schist 
belts are described. The chemical composition of some of the highly 
crystalline types like oordierite-sillimanite gneisses, eillimanite-graphite 
schists, oto. which indicate a sedimentary origin are also noted and 
discussed. 

12. Notes on some of the conglomerates of Mysore. 

B. Rama Rao, Bangalore. 

Detailed investigation of the ‘ conglomeratic ’ band in the vicinity 
of the Kolar Gold Field, led Dr. Smeeth (1899) to suggest it to be of 
Butoolastic origin composed only of sheared igneous rooks. Since then, 
several officers of the Mysore Geological Survey.have agreed to this view 
and have held that all the conglomerates which they have examined ate 
only of autoolastio nature. The author had opportunities of re-examining 
several of these, and finds that though almost all the types show consider¬ 
able shear and deformation, yet they could be differentiated as of diverse 
modes of origin, consisting of true sheared sedimentary conglomerates, 
sheared consolidated products of water-worn pebbles and volcanic ashes, 
sheared volcanic agglomerates, crushed amygdular flows, etc. which all 
have the ‘ conglomeratic * structure. These several tjrpes are described 
in the paper. ' 
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13. On the occurrence of Crush Conglomerates of Dharwar age 

near Luckeeserai, Bihar. 

S. C. Chattebjbe, Calcutta. 

The author diacusses the possible mode of origin of the Luokoesarai 
■conglomerates recorded by Oldham in hia “Manual of the Geology of 
India.” 

14. Some basic rooks of Deoghar: a chemical study. 

S. K. Ray, Calcutta. 

The author records the Chemical analyses of some of the basic rocks 
-of the Santal Farganas, Bihar, which ho Iiad described in a previous 
paper, and discusses their implications regarding the genetic relationship 
of the rocks. 


ECONOMIC GEOLOGY. 

15. Possibility of utilization of the nummiilitic lintestone at 

Tarakeshwar in the Surat district. 

M. S. Patel, Bombay. 

The nummulitic limestone at Tarakeshwar (21° 22', 73° 7'), Surat 
district located long ago by Blanford, and the sandstones and the aluminous 
rocks found near by within a distance of three mites from the limestone 
deposit aro suggested by the author to form suitable raw materials for the 
manufacture of Portland cement, for the consumption of which Bombay 
forms one of the most important centres. Tho author gives in his paper 
the analyses of the limestones and the aluminous rocks. 

16. Magnetic sands at Ratnagiri. 

M. S. Patel, Bombay. 

The author records that on the sea shore of Batnagiri, there is a 
big shoal covering an area of about a square mile above the high tide 
level consisting mainly of block magnetic sand. On his examination this 
was found to contain magnetite and ilmenite with quartz, felspar and 
amphibole as non-magnetic minerals. The analysis of some of the samples 
collected by him at random from several places on the shoal showed that 
they contain about 9 to 11% TiOg. By magnetic separation, it has been 
found possible to get concentrates containing 25% and above of Ti02. 

.As manufacture and consumption of titanium pigments are increasii^ 
at a rapid rate, it is suggested that it might be possible to utilize this 
magnetic sand in future, provided its TiOg content is brought up to 48 
to 52% by magnetic and other means of separation. Further work on the 
separation of the magnetic sand with a high intensity separator is noted 
to be necessary to decide the question of commercial utilization of tliis 
magnetic sand. 
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Ladies and Gentlemen, 

My first duty would be to recall tho distinguished 
Botanists and Mycologists whom the cruel hand of death has 
snatched away from us since we met in January 1935. May 
their spirit continue to inspire us ! 

Hugo de Vries, F. A. F. C. Went, R. Paulson, P. Brlilil, 
B. L. Robinson. 

Introduction. 

When the Botany section of the Indian Science Congress 
did me the honour of inviting me to preside at its meeting, 
I regarded it not so much as a personal honour hut as an honour 
to the group of Polypora^ce, in the study of which I am actively 
engaged for the last twenty years. It is, therefore, in the fitness 
of things that I should make a brief survey of the ground that 
has been covered in the sphere of Polyporacece, suggesting 
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incidentally where further work is yet imperative. As Gwynne 
Vaughan (33) once observed, ‘ Mycologists, like the fungi them¬ 
selves, assume a most diversity of forms. Some are systematists, 
some anatomists, some pathologists who are to do away with 
plants, some physiologists growing fungi under new and un¬ 
natural condition, some oytoiogists, etc.’ Never did I feel more 
like being a multiple personality than to-day, as I think I do, 
combining in varying proportions the different roles, from that 
of the systematist to that of the cytologist. 

Impobtance of Fungi. 

The late Prof. Marshall Ward (64) said, ‘ If we look at the 
great groups of plants from a broad point of view, it is remarkable 
that the Fungi and Phanerogams occupy public attention on 
quite other grounds (viz. economic) than do the Algae, Mosses, 
and Ferns ’. But apart from utilitarian considerations, the 
fungi have an appeal also from the purely academic point of 
view. 

On this point one often hears of the conflict between pure 
science and applied science, the academic pursuit of apparently 
useless problems and the practical application of principles for 
the immediate good of man. On deeper analysis, however, this 
conflict appears to have little meaning. Pure science and applied 
science are but fragments of one entity. As Prof. Bower has 
admirably remarked (12) ‘ the advance in the prosperity of any 
country which has progressed beyond the initial stages of settle¬ 
ment follows on the advance of such knowledge as the devotee 
of pure science not only creates but is also able to inculcate 
in his pupils. It is then imperative that, in any state which 
actually progresses, provision shall be made for the pursuit 
of pure as well as of applied science’. ‘Pure Science’, said 
Prof. Lang (43), ‘is the root from which applied Science must 
originate. It is a wise maxim that no scientific man should 
be guided or restricted in his investigation by any consideration 
whatever as to the commercial or money-value of his results. 
Even in continuing to devote ourselves to pure botany we 
cannot afford to waste time and energy in purposeless work ’. 
Who can forget the familiar words of Lewis Carroll ‘ No wise 
fish goes anywhere without a purpose ’ ? 

Origin of Fungi. 

I need not dilate long on the origin of fungi as an inde¬ 
pendent group. Gaumann (30) holds that all true fungi are 
derived from green algae in monophyletic line. Church was 
also of the same opinion. Brooks (14) has exhaustively dealt 
with Church’s view that the fungi have been derived from the 
transmigrant algae by the loss of chlorophyll. He is decidedly 
against this vi^, PQs outlook upon fungi is that it is an enor- 
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mous group of organisms of an extreme age and probably of 
Protist-origin which has developed upon independent linos 
and shows the same kind of differences between its constituent 
divisions as do other large phyla of plants and animals. His 
views as those of a veteran mycologist are certainly entitled to 
very serious consideration. I entirely agree with him that 
the fungi which have achieved so much that is unique in the 
plant kingdom, cannot be looked upon as a race of degenerate 
organisms devoid of initiation; no group of organisms shows 
more diversity of species than do the fungi, they even rival 
the flowering plants themselves in the number of species, have 
evolved along their own line and have achieved entirely novel 
types of reproductive mechanism. Dame Helen (Jwyniie 
Vaughan (32) also remarked that ‘ fungi as a whole have their 
origin, perhaps a <iommon origin, among the Protista and that 
they form a line of evolution i)arall(*l with those of animals 
and green plants, in some sense (iornparable to both, but deriv’^ed 
from neither. I3act(;ria, the blue green-alga? and some of the 
protozoa lack organized nuclei or any form of fertilization, 
and hemie they might be regarded as the remnants of au earlier 
type of life, preceding the evolution of nucleur structure in 
fungi, animals, and green plants 

PUEVIOTIS WORK ON TnDIAN PoLYPORACE.®. 

In May 1922, in the Journal of Indian Botany I (lontributed 
a shf)rt note on the previous history of the Bengal PolyporacmG, 
The work on Indian fungi has been so far very scrappy and done 
at irregular intervals. In 1850, Hooker collected a good number 
of different groups of fungi in Himalaya, Sikkim, Darjeeling, 
and Klrasya hills; these were all determined by Berkeley anil 
published under the heading of Decades of Fungi in the Kew 
Gardens Miscellany. Then, in 1874, stray collections of Poly- 
pores from the Calcutta Botanic Gardens and from Burma 
were collected by Mr. Kurz and determined by Mr. (.Surrey 
and published in the Transactions of the Linnoan Society— 
Series Bot., Vol. 1, pp. 121-126. There were some notices of 
Indian fungi (mostly leaf fungi and Agaricacece with a few 
Polypores) by Cooke in several scattered volumes of Qreville/i 
from 1874 to 1891. In the Kew Bulletin from 1898-1912, 
George Massee named and published a. few Polypores with 
Agarics from Bengal, mostly collected and sent by Mr. Burkhill 
—the then Economic Botanist to the Government of India. 
Quite recently, stray collections of Polypores (mainly from 
Darjeeling, collected by Mr. H. G. Cave, the late Curator of the 
Lloyd Botanic Garden) have been determined and published 
by the late Dr. Lloyd of America in his Mycological Notes. This 
practically sums up the whole work on Bengal Polypores. 
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Gbo«eaphical distkibution of Bengal Polyporace^. 


In that May issue (of the Journal of Indian Botany, 1922) 
1 published also a note on the geographical distribution of the 
Bengal species of Polyporac^ce along with a short history of 
them. Subsequently in 1924 (4), I dealt with the problem more 
fully, grouping Bengal Polypores under eight different distri¬ 
butional lists, namely, (1) Bengal species practically cosmo¬ 
politan in their range, (II) species with extraordinarily disconti¬ 
nuous distribution, (III) species confined to India and Ceylon, 
(IV) species found in India alone, (V) species reported from 
Bengal extending the known range of distribution, (VI) species 
common to tropical and temperate regions, (VII) s])ecies common 
to eastern and western tropics, (VIII) sjjecies confined mostly 
to eastern tropics. From a consideration of the details of 
these lists of distribution, it is evident that in our Bengal Poly- 
pores the Malayan element, (the Malaya Archipelago including 
Java, Sumatra, Sarawak, Borneo, the Philippine Islands, etc. 
and the neighbouring groups of islands) is predominant and 
that the Australian element comes next in rank and importance. 

The presence of forests, hills, river-beds, etc. changes the 
character of the flora; therefore 1 (loc. cit.) have considered 
in detail the climate, the rainfall, the nature of vegetation, 
and the distribution of Polypores in three special localities in 
Bengal, viz. (1) the hilly district of Darjeeling, (2) Jalpaiguri 
(Duars Forests), and (3) the forests and river-beds of Sunderbans. 
The chief difficulty here, as 1 have remarked in two preceding 
papers of mine, is that the mycological flora of such a large 
portion of the world remains unexplored that it is at present 
impossible to give a general view of the geographical distribution 
of fungi. Even in some of the civilized countries of which the 
phanerogamic flora has been fully worked out, little has been 
done towards the collection and publication of lists of fungi. 
Hence, the most useful thing we can do at present is to compare 
the collection of one country with that of another and to note 
the points of difference as well as agreement. Such a com¬ 
parative study of fungi will certainly enable us to draw more 
sharply the dividing line between the known and the unknown. 

In the case of fungi it often so happens that species which 
were at one time very common, gradually become somewhat 
rare until they disappear altogether. The late illustrious 
Fries (28) said ‘ The fact must not be lost sight of that some 
species of fungi which have formerly been common in certain 
localities may become within our lifetime more and more scarce 
and even altogether cease to grow there. The cause of this 
doubtless is the occurrence of some change in the physical 
constitution of a locality (upsetting the balance of nature), 
such as that resulting from the destruction of a forest, or from 
the drainage by ditches and cutting of more or less extensive 
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swamps, or from the cultivation of the soil In this connection 
I. Reichert (48) is right in holding that in considering the dis¬ 
tribution of fungi not merely climatic and edaphic characters 
but also the previous history of the place have to be considered. 

In the case of Polyporacem it will be seen that geographical 
limits of species are not so well-marked and definite as in those 
of Phanerogamous plants. Of course, there are some which 
are confined to temperate regions, while others are confined 
t ) tropical regions alomj (eastern and western tropics). But 
tliere are still others wliich are very widely distributed in the 
temperate and tropical r(‘gions as well. When climatic condi¬ 
tions, such as temperature, rainfall, humidity, etc., are analogous, 
it is astonishing to find the repetition of the s]jecios in very 
distant parts of the globe. But it is usually found that tropical 
countries, abounding in virgin forests, form the 8])eeial abode 
of Poly pores which grow luxuriantly under the shade of trees 
affording constant moisture and heat. 

Ctirtain Polypores are associated with particular species 
(»f trees in the wood, either growing on them or close to them 
on the ground. Whatever influences affect the distribution 
of these trees affect also the distribution of these Polypores. 
Rticeutly, in 1935 (9), 1 have recorded the occurrence in the high 
hills of Lokra (Assam) in Bengal at 8,000 to 10,000 ft. elevation 
of six European Polyporcs (P. squainosns, P. sulpknreus, P. 
gilvus forma licnoides, Fornes fomentarim, F. pinicola, Amauro- 
derrna rugosus) which are never found in the plains of Bengal. 
Therein I have remarked that the phanerogamic flora of our 
high altitudes is to a gi’cat extent Euro])can in character and 
that, as most of the plants of the hills harbouring these species 
of Polypores as parasites or saprophytes do not grow in our 
plains, we do not (iomc^ across these fungi in the plains. In the 
case of some Agarics Hatch and Hatch (35) have shown such 
associations with roots of some of the coniferous and hard wood 
trees to be mycorrhizal in character. 

Conditions for development op Polvporace.e in Bengal. 

Conditions become favourable for the growth of Polypores 
only for a certain part of the year. This growth is greatly 
influenced by temperature, humidity, and rainfall. A glance 
at the annual rainfall-report of the different districts of Bengal 
will show that almost all parts of Bengal have a rainy season 
of about three or four months from June to September, and in 
the majority of places the maximum is reached from June to 
August. There is a great variation in the amount of rainfall; 
the rainfall is usually periodic as it depends upon the monsoon 
which blows from south-west across the Indian Ocean from May 
to the end of September. This is called the summer or wet 
monsoon and is usually accompanied by heavy rains and thunder- 
-storms. A portion of the south-west current proceeds up the 
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Bay of Bengal, bringing in the rainy seasons of two or three 
months in the plains of Bengal. Further north are the Assam 
hills where the remaining moisture is condensed; thus the 
rainfall is very great in the province of Assam, often reaching 
500 inches in a year. In October a north-west wind called the 
winter or dry monsoon begins and continues up to April. During 
this time the rainfall is very small. 

Polypores begin to appear in the rainy season from Junti 
to July and increase in numbers usually in August, September, 
and October when the rainy season has almost disappeared but 
the surrounding conditions are still suflficiently moist. Quan¬ 
tities of them can be easily found in November, December, 
and January in the case of late rains. Some of them with 
leathery or corky fruit-bodies and hairy or velvety upper surface 
persist in the dry season. And it is remarkable that these 
leathery or corky fniit-bodies of Lenzites, Polysticlus, Daedalea, 
Trametes, etc., and densely hairy fruit-bodies of Polystictns 
hirmtus, Polys, velutinus, Polys, leoninus. Polys, versicolor, 
Lenzites betvlina, etc., which are xerophytic and grow on logs 
and sticks, retain their vitality on desiccation for months or 
years and, when they are placed imder a moist condition, they 
revive and begin again to liberate spores within a few hours. 

Most of the Polypores being saprophytic easily grow in 
places which abound in decaying logs, prostrate trunks, and 
dead branches, etc. Logs are plentiful in the rainy season, 
and moreover, low jungles are very common in Bengal. Some 
of their plants and plant-members usually die in the dry season 
and supply a host of logs, and hence we find a number of common 
specimens springing up from different parts of Bengal on such 
logs. The mycolia of some of the specimens of previous years 
that are lodged within the tissues of the dead wood, being 
resistant, easily tide over the dry season, and as soon as the 
.rains appear, some of them at once give rise to fresh hyphse 
which work within the tissues of the dead wood and ultimately 
produce pileus on the outside. This is probably the reason 
why we suddenly meet with some specimens of Polypores in the 
midst of the driest part of the year, if there be a casual rainfall 
for a few days only. There are others which do not respond 
so quickly; for them continued rains have to act on the logs 
for some time and to make them thoroughly moist; the spores 
on the surface of the logs or inside the tissues then probably 
germinate into hyphse which penetrate inside the wood, and 
finally towards the end of rains, the mycelium gives rise to 
sporophores on the outside. That is probably the reason why 
we meet with the prevalence of Polyporea just after the rains, 
or towards the end of the rains, usually from August to October. 
So, in the former case it is probably a matter of dormant 
mycelium which gives rise to sporophores in the begmning of 
rains, and in the latter case probably spores or dormant oonidia. 
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germinate first in the beginning of rains into hyphse and then 
the mycelium gives rise to sporophores towards the end of rains. 

Tile ecology of Polypores which is at present very little 
worked out offers a very promising field. Brooks (15) has appro- 
jjriately pointed out that in ecology generally the factors of 
competition and the influence of one plant on another have 
long been held to be of supreme importance. This influence 
of micro-organisms on one another, as he has stated, may be 
mutually helpful, or disf inctly antagonistic, or entirely indifferent 
to one another. As an example of the first case he cites a 
tree-log on which a succession of different fungi usually develoi>s 
in orderly secpience over a period, one species ajiparently pre¬ 
paring the way for the other. The antagonistic influence is 
shewn when a tree-stump jiermeated in nature by one Potypore 
prevents thi; development of auoth(*r Polypore, though in nature 
both these fungi are widespread and can bo easily grown in 
culture on the same tree wood in the laboratory. Similarly 
Brooks has noticed how the occupation of exposed wood in plum 
trees by comparatively harmless micro-organisms tends to 
prevent subsequent invasion by the dangerous Steremi par- 
pure,urn. In Jajian, Endo (25) has studied tlu‘ morphological 
changes of mycelia of the pathogens in the presence of the an¬ 
tagonistic baettsria ; these hyphal deformations are similar 
to those observed in the case of application of the various pre¬ 
ventive chemicals. This branch of study demands a continuous 
record of the climatic and soil-conditions and of tlie succession 
of the prevalent specinums for a number of years in one i)arti- 
cular area. 

Gene: al nature of the soil of the different 
DISTRICTS of Bengal. 

A glance at the attached map shows the districts of Bengal 
in various signs which correspond to the different kinds of 
soil as indicated on the loft hand side of the map. This soil- 
map of Bengal is based on materials available from the district 
gazetteers. It should be noted that under the head Newer 
AlluHum come such soils as loamy, clayey, sandy, saline, and 
silt. But where such details are not available, the country 
is simply indicated as belonging to the Newer Alluvium. The 
boundary of the different kinds of soils within a district is 
more or less conjectural. 

Fossil records of PoLYPORACEiE. 

The fossil records of Polypores are very few ; in most cases 
only the mycelium was found preserved within the fossil wood 
in petrified vegetable structures of varied types from Devonian 
times down; regular fructification was absent as it was held 
that the cap or pileus is hardly preserved in the fossil state. 

17 
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Df. Hirmer has recorded (38) that there are few fossil records 
of Polyporaceoe (a few Polyporus, Pomes, Trametes, Daedalea, 
and Lenzites) and that they are mostly of the tertiary period, 
very few being of the Carboniferous age. He has noted that 
Pomes pinicola was known from the ‘ Quartaren Kohlen 

Buchwald reported in 1930 and 1934(17 and 18) that fossilized 
fruit-bodies of Polyporus fomentarius (L.) Fr., the tinder-fungus, 
have been found in 16 different localities in Denmark—^in the 
Danish postglacial peatbogs, a few times also in the deposits of 
the Stone-Age, when it was already used as tinder. He holds 
that these fossil specimens were erroneously referred by E. 
Rostrup and others to Polyporus igniarius (L.) Fr. and P. nigri¬ 
cans Fr., that they are the species of P. fomentarius (L.) Fr. 
Very recently (66), Dr. G. R. Wieland of Osborn Bot. Labora¬ 
tory, Yale University, has recorded a silicified Polypore-fructifica¬ 
tion from the lower Cretaceous of Montana. He notes there an 
‘unexpected find of a small but beautifully silicified shelf- or 
bracket-fungus found by Mr. Barnum Brown lately while col¬ 
lecting armoured dinosaurs in the Cleverly horizon of the lower 
Cretaceous along Beauvais Creek on the Crow Indian Reserva¬ 
tion, about 40 miles south of Billings, Montana. The locality 
is near the “ Bill Cashen ranch ” and yields some twelve skeletons 
of dinosaurs of varied form and remarkable type. It is indeed 
curious to thus see with certainty a mushroom very much as 
it grew in life on the trees of the forests of those remote dinosaur- 
times. We may assume that the climate was warm, that 
ancestors of the jig and magnolia were there, and this fungus 
grew on the bark of such trees, or perhaps on some Conifer 
He has named it Polyporites browni n.sp., a very rare and 
finely silicified Polypore, Polyporites meaning fossils demonstrably 
like Polypores. At p. 12 he notes further ‘ Mr. Brown has now 
found south of Harlowbon, Montana, an additional fungus 
quite identical with that here described. Associated vertebrates 
and invertebrates are identical with those of the Cleverly north 
of the Pryor-Big Horn Mountains. Hence these unusual 
silicified shelf-fungi must be for their horizon far from rare, and 
may evidently be found along a considerable range of the Cleverly 
terranes ’. 

Morphology and Systematics, 

The systematic work constitutes the basis of all compre¬ 
hensive works, and in most cases it is after this that the real 
intensive study begins. This systematic work should therefore 
be thorough and critical; with this idea in view I began by 
describing fully about 125 species collected from various parts 
of Bengal, paragraphing the different features with a note on 
the distribution of the species, and by publishing them serially 
in local journals under the heading, Polyporaceoe of Bengal 
parts I to X (1918 to 1934), with photo-plates of the two surfaces 
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of each species. Doubtful specimens were named with the 
kind help of distinguished mycologists of Europe and America, 
In 1923-1924 I had the opportunity of visiting European 
herbaria and of personally working on some of my doubtful 
specimens at the mycological herbaria of Paris, Berlin, Kew, 
and the British Museum (Nat, Hist. Sec.), London. 

On the necessity of redescription Dr. C. L. Shear 
(58, p. 204) remarks so recently as May 1934, that ‘ one of 
the present needs is a thorough study and redoscription of 
all the available type or authentic material of the species of 
fungi of older authors, a very large number of which are at 
present imperfectly known or misinterpreted. Probably, not 
one-fourth of the species found in Saccarodo’s ‘‘ Syllogoe Fun- 
gorum” are well enough described or known to be identified 
with certainty. As the old species are more fully known and 
recognized, a great number of our recent so-called new ones 
will fall into synonymy. The names at present in general use 
should be conserved I entirely agree with this observation. 
Miss Wakefield spoke almost in the same strain (63) that ‘ some 
of Fries’ introductory remarks concerning the variability of 
species of Polyporacece and his doubt as to the value of numerous 
species which had been proposed from the examinations of single 
si)ecimen8 might well have been written at the present day'. 
The genera of Polyporaeece are usually Poljfporus, PolysUdtts, 
Trametes, Pomes, Oanoderma, Lenzites, Daedaha, Hexagonia, 
Favolus, Mendius, and Poria. At present the generic distinc¬ 
tions within Polyporacece are very much ill-defined ; with small 
collections and limited experience it may not seem difficult 
to separate these genera but, with abundant materials drawn 
from a very wide range of localities, many varieties and inter¬ 
grading forms are found which become difficult to locate satis¬ 
factorily. 

Anatomy—the basis of eecent classification. 

With the development of mycology, increasing importance 
has come to be attached to anatomical characters in the classi¬ 
fication of the fungi. In some cases characters of spores and 
basidia and other hymenial characters have been found very 
useful in the demarcation of species. The old classification 
of Fries was founded mainly on external characters. The 
morphology of the basidium in the classification of the Basi- 
diomycetes was first used by Tulasne (1851). In 1889, Fayod 
(26) made extensive use of anatomical studies in the classifica¬ 
tion of AgaricaoesB. Then, Patouillard in ‘ Essai taxonomique 
sur les families et les genres des Hymenomyc^tes ’ in 1900 
formulated a scheme of classification of the Basidiomycetes 
based on a study of the basidium and other microscopic charac¬ 
ters. Bourdot and Galzin (11) have amplified the concepts 
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of Patouillard in further critical rearrangement of old as well 
as new fungi; Donk (24) is also revising the whole Dutch groups 
of homo- and heterobasidiomycetes in the light of detailed 
anatomical study. Albert Pilat of Prague is bringing out a 
monograph of European Polyporacm in series, of which the 
first part appeared in 1931. Rogers (54) has discussed the 
probable origin of the typical homobasidiomycetes through 
transitional forms. Rea (51) in his ‘British Basidiomycet® ’ 
has followed mainly Patouillard’s classification, as this classi¬ 
fication shows more clearly the true relationships between the 
various families and genera. In this connection it is interesting 
to quote the recent remark of Dr. Cleland (20) of Australia in 
June 1934, ‘ Though agreeing as to the correctness of the classi¬ 
fication that Rea adopted in dealing with the Agarics, we have 
decided as a matter of convenience to follow the older method 
of classification Rogers (foe. cit. at p. 176) also holds that 
Patouillardiaii categories are unquestionably more difficult 
to follow in keys than Friesian. This newer classification is 
certainly an improvement on the old Friesian system of classi¬ 
fication and brings together nearly related genera w’hich weie 
formerly kept apart on the basis of external morphology alone. 
But 1 feel we must go deeper into the anatomy-study of sporo- 
phores of Polypores than the study of mere basidia and spores; 
we must take into account Overholts’ work (46) on hyj)bal 
diameter, colour, septate or asoptate condition of the hyplia*, 
branching and the manner of growth of the context-hyphaB 
of the sporophores and on hyphal pegs in thin Polypores {Poly- 
stictus), Corner’s work (22) on skeletal, binding, and generative 
hyphsB in sporophores, and the recording of the presence or 
absence of clamps in the generative hyphm, the presence of 
encrusted cystidia or cystidia-like projecting hyphae in some 
species, the shape of cystidia and set®, etc. In some cases I 
have seen that the thickness of the wall of the hyphse of the 
context of the sporophore may be of some help in separating 
the closely related species of Polyporacem. Thus, Polystictus 
personatus is distinguished from Poria diversiporus, Polyporm 
cervinogilvus, and Polysiidvs BerheUyi by having its character¬ 
istic double-walled hyphm about 4p broad in the context. 
I entirely agree with the following observation of Ramsbottora 
(52) that ‘ Systematic species were at one time defined on purely 
morphological grounds, these must still remain the unit of 
classification but such species should be precised by study of 
anatomical, cytological, cultural, physiological, chemical, and 
other characters ’. Melzer and Zvara have made use of chemical 
reagents in classification of Russula, They base their classifi¬ 
cation on colour-reactions which are said to be constant. Iron- 
sulphate is used for the colour-reaction of the flesh of the fungi 
and chloral iodine, for the examination of the spore-wall. Roger 
Heim and J. Duch4 of the Paris Natural History Museum have 
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utilized the characters of smell in the classification of some 
genera of AgaritMcem and Actinomyces respectively. E. J. 
Gilbert (31) under the heading of ‘ Osmologie mycologique ’ 
has classified odours emitted by different species of Agarics 
and some Polypores. Kiihner (42) has shown how localization 
of pigments or coloured substances (whether on the wall or 
inside the cytoplasm) may be of use in the classification of 
Agarics. My considered opinion is that we should not change 
the old classification, how(!ver imperfect, till we have accumu¬ 
lated data from the (iompleted study of these diverse aspects 
of Polyporac.exp. Kow a])palling is our ignorance of the .si)ccial 
biology and anatomy of the Polypores ! The sheer weight 
and magJiitude of tlie subject, 1 think, should compel a healthy 
si>ecialization, though older Botanists miglit dejdorc it as some 
jK'oplc deplore the good old days wlum a naturalist was expect<‘d 
to teach Geology, Zoology, and Botany as a matter of course. 


Genkkal stbuctuke, Ntttkitiots, Cytolooy ok keproditction 

AND THE (IjlEMlCAL NATURE OF THE FRTHT-BODY OF 
Ganodenna hicidns. 

The general structure of Polyp&res might be <livided into 
two ])arts. (n) the vegetative and {b) the reprodiictiv'c. The 
vegetative portion consists of delicate tlireads of mycelium 
buried in the substratum on which the specimen is growing, 
and its use is mainly the collection of food for the plant. ]Most 
of the Polypores art? saprophytes growing on logs, dead tninks 
and branches, and dead bark, living upon their dead tissues. 
Some are wound-parasites, attacking a root at the collai' or 
the trunk near its base after which they work inwards intt) 
the heart-wood and thence proceed iqiwards, the decay ex¬ 
tending outward into the lower sap-wood. Some are parasites 
also, attacking living ]»iants—their roots, stems and branche.s. 
According to some, the best criterion for the parasitic nature 
of the attacking fungus is the presence of a. brown band, which 
mafks the limit of the advance of the fungus. The micro- 
sco]>ica] examination of the brown discoloured band reveals 
the presence of the womid-gurn and tyloses. Munch (45) holds 
that the wound-gum originates after the death of the cells 
attacked as an oxidation-product of their contents, usually 
accompanied by the disappearance of starch from the medullary 
ray-cell. Tyloses, on the other hand, are produced by the 
living cells which are stimulated by the attack of the fungus. 

All kinds of cells are not equally acted upon ; sometimes 
the cells of medullary ray remain intact but the wood-cells 
are completely destroyed, in other cases wood-cells remain 
intact while the medullary ray-cells are gone. There is also 
a difference in the mode of attack on the wall; some dissolve 
the middle lamella, the cementing substance, thus making the 
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cells fall apart before the cell-walls are destroyed, while others 
attack from outside, falling first upon the tertiary layer (the 
layer bounding the cavity) and then upon the secondary layer 
and finally upon the middle lamella. Different kinds of Poly¬ 
pores are very variant as regards their action on different kinds 
of cell-walls. They utilize different kinds of enzymes for this 
purpose ; some, for instance, can dissolve the lignin and pectic 
substances but have no action on cellulose, some take away 
cellulose from the tertiary layer but the lignin and pectic matters 
(middle lamella) remain unaffected, others, again, corrode the 
wall uniformly from within out, leaving the middle lamella 
almost in the original condition. 

The reproductive portion consists of the fruiting body 
known as cap or pileus, sometimes with a stalk, sometimes 
without any. The stalk is usually lateral with the exception 
of a few species of Polystictns and Polyporus (like Polystidus 
ranfhopus, Polyporus friabilis, P, agariceus, P. hrwmalis, etc.) 
where the stalk is almost central. The pileus shows two surfaces, 
the upper or the exposed surface and the lower or the protected 
one (known as hymenial surface), bearing the hymenium con¬ 
sisting of a number of pore-tubes. The hymenial surface 
shows externally a number of pores of various sizes ; the basidia 
arise directly on the side of these pore-tubes and each of the 
basidia is surmounted by four storiginata, each of which bears 
a spore. So, we get four spores from a basidium. These 
spores are quite exposed and, when ripe, are set free and carried 
by various agencies, viz. by currents of air, water, floating 
timber, flies, mites, snails, birds, and by transport through 
human agencies to distant parts, where falling on an appro¬ 
priate surface they germinate and give rise to the particular 
species. Some of the basidia do not bear spores and are known 
as paraphyses ; some again become large and projected like 
a flask from the level of the basidia and are known as cystidia. 
Some species of Polypores, especially the coloured ones as Pomes 
sene/Js, Pomes pachyphalaeus, Polyporus gilmis, etc., show in the 
section of the pores a number of short spines arising from the 
walls of pore-tubes ; these are known as setae and they are of 
great help in the determination of species. According to L. 0. 
Overholts (47) cystidia are usually hyaline, they are called 
setsB when they are brown and sharp-pointed. Paraphyses 
can be usually distinguished from cystidia by the frequency 
of their occurrence as they usually alternate with the basidia, 
while cystidia or setae are scattered irregularly through the 
hjunenium. According to Buller (19) the position of the hy¬ 
menium on the underside of fruit-bodies has been decided by 
the necessity of the basidia being so placed that they can readily 
liberate spores into the air. 

The reproduction of Polypores is usually by means of 
basidiospores ; in some caaes it is by means of conidia or secondary 
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spores. The discharge of spores is enormous and, especially 
in the case of perennial species, continues for some time like 
a cloud coming out from the hymenial surface. This was 
clearly seen in the case of Fames pachyphalaeus growing on the 
famous Banyan tree of the Shibpur Botanical Gardens and on 
another Banyan tree in the Jossore district, Bengal. It was 
observed that smoke came out of these spe(!imens for two or 
throe years (from 1921 and 1931), and, when they were brilliantly 
illuminated by rays of light penetrating tlxrough the dense 
foliage, the cloud of spores was distinctly visible. 

The cytology-study of trainal hypha?, the sub-hymeiiium 
and the basidia of a number of local Polypores was made after 
fixing in Bouin’s fluid, Fleming’s strong and Weak solutions 
and Regaud’s fluid. Paraffin-sections were usually cut 5jLi thic-k 
and were stained with Hcicleuhain’s Iron Hsematoxylin. It 
was found that the tramal hy^jhae and the basidia were regularly 
binucleate ; the two nuclei in the basidiuni coming into contact 
w'ith each other, gradually fused into one large fusion-nucleus 
with two prominent nucleoli. The fusion-nucleus then passed 
through two quick divisioas—usually first meiosis and then 
mitosis, the basidiuni thus Iwcame tetranueleate. By this time 
four sterigmata Were formed at the apex of the basidiuni and 
the nuclei were seen migrating constricted through narrow arms 
of tlu^ sterigmata and ultimately formed the nuclei of the ter¬ 
minal spores. In some cases {Polyslictus versicolor) the nucleus 
of the spore undeiwent division into two and thus spores were 
binucleate. The long axis of spindle was usually transverse, 
but in some cases the s])indle w'as formed in an olilique and 
almost longitudinal plane. I am in entire agreement with 
Yokes (CO) that the long axis of the spindle has no definite 
orientation in either division. Thus, the process of nuclear 
divisions in all its stages has been followed and it corresponds 
fundamentally to meiosis in higher plants; but the number of 
chromosomes being extraordinarily small they could not bo 
satisfactorily counted; they seemed to be two in some cases. 
But on this point I am afraid I cannot now l)c definite. Waka¬ 
yama (61) has counted them as varying from 2 to 6 in some 
of the Polypores he has examined. This process of nuclear 
fusion in the basidium followed by divisions is regarded as a 
very much simpler type of fertilization prevalent in the higher 
fungi. 

With Regaud’s fixative minute mitochondrial bodies in 
the basidia of Polypores came out very clearly but no plasts 
(filamentous bodies), however, Were visible. 

The vacuolar bodies within the basidia of some common 
Polypores were studied with the help of the special methods of 
Golgi, Kolatchev, Bensley, Weigel, etc.; the control-method of 
vital staining with neutral red was also carried out. To me 
it seems that the vacuolar bodies in basidia of Polypores 
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correspond to Golgi-bodies so often des -sribed by Gatonby in animal 
cells and that the solid Golgi-elements are nothing but artifacts 
due to the excessive precipitation of metallic silver or osmium 
inside the vacuoles, as observed by me (6) in 1929 in ‘ Annals 
of Botany A recent account (apparently preliminary) of the 
‘nebenkern’ and the Golgi material in Corpinus sterquilinus 
by J. E. Sass (55) does not seem to be very convincing, as there 
was no control experiment of vital staining and the results 
figured in his plate could be obtained, according to the author’s 
admission, with only few out of the several fruit-bodies 
examined. Voke.s’ work (GO) on Oorpinm atramenfarim also 
does not show any nebenkern or Golgi material by the side of 
the fusion-nucleus in any of the basidia. 


The chemical nature of the fruit-body of Oanoderma lucidus. 

The chemical anfilysis of the sporophore of the well-known 
s])e(:ieH ‘ Ganoderma lucidus an almost cosmopolitan species 
with a strongly laccatc upper surface, was kindly carried out 
at my request by Dr. Julius Zellner (68) of Vienna. The mineral 
content of the fungus amounted to 5-57% of the dried sub.stancc. 
The organic matter was partly solubh; in other (4*03%), in 
alcohol (3-06%) and in water (547%). The ether-extract of the 
fungus was jfound to contain ergosteriii and gave indication 
of the presence of fatty acids. The alcohol-extract Was found 
to contain mannite and the aqueous extract contained poly¬ 
saccharides preeipitable by alcohol and a voluminous deep- 
brown amorphous sub.stance much resembling humus acid, 
which was precipitable by means of inorganic acids and which 
forms a common constituent of many ligneous Polypores, viz. 
Polyporus {Pomes) igniarius, I\ fomentarius, P. hispidus, etc. 
The fungus also contained a quantity of resinous matter amount¬ 
ing to 1|% of the air-dried fungus but the exact chemical nature 
of the resin could not be determined. The major portion of 
this resinous substance was soluble in alcohol and the rest in 
ether. 


Biological peculiabities, 

{a) Hahitat. —In connection with the general structure 
I have incidentally dealt with some of the biological pecu¬ 
liarities of Poly pores. As regards habitat, it is usually found 
that some species grow singly on logs or tnmks and branches of 
forest-trees, while others have a gregarious habit. The decays 
in wood according to the gross characters of the rot are known 
as white rots and brown rots, depending on the colour; in the 
former case the wood becomes lighter in colour and in the latter 
it acquires a dark-brown or reddish tinge. Fisher (27) has 
recently shown that the old notion of the softening of the wood 
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in the ‘ white rot ’ stage of decay as due to delignijication is 
not correct, as the chemical analysis shows that it is the cel¬ 
lulose which has been removed and not the lignin. In the 
final stage of decay, the dense masses of hy])ha3 become con¬ 
verted into finer elements till tlww disa]i}K'ar entirely due to 
starvation and gradual death of the fungus. Rhoads (50) has 
shown that the formation of black zones in the wood attacked 
by Pohjpores is due to the conversion of the carboliydratc sub¬ 
stances, particularly the hemicellulose xylan, into humic sub¬ 
stances of two principal grou])s, namely humic acid and humin, 
and these humic substance's gradually accumulate ajid gire 
rise to the dark-brown decomposition-i)roducts which arc of 
such common occurrence in the decaying wood. Again, such 
humic ])roducts arise under certain circumstances in wounded 
pjirts of living trees or in fallen vv'oody jdants that are eiitii'cly 
free from fungus-attack and which are known under the name 
of ‘ wound-gum ’. 

(6) Adaptation. —Tlu' ])artictdHr a])])earance of a s])ecies 
d(‘pends on the peculiar environment and hence we meet with 
a iiumlMM’ of abnormal forms and monostrosities in cases of 
specimens growing in dark closed places. This I have seen 
in cases of Pobisiicins hirsntus growing within hollows of d(*ad 
bamboos, of Lenziles repanda, Forncs Jnridns, Fotnes lenco- 
phaens, etc. growing on logs Ixing in dark ])j‘otected plac<‘.s ; 
tli<*y usually assume in such cases the form of a round ball. 
The innate tendenc}^ amongst the Pohjpores as well as tiu' whole 
thjmcnomiicetoun subclass is to s('cur(‘ a ju'otected hynu'nium 
on the loW(‘r surface so that the ])ore-tul)es nunain almost 
always i»oir.ted downward for the effective discharge of spores. 
In several cases 1 have obtained direct evidence that the dev- 
elo])mcJit of sporo])hores is gre.itiy influenced b} gravity ; if. 
by accident, the i)osition of the log becomes inverted and the 
u])per surface of the juleus is turned downwards, the hymenium 
begins to develop on the former up])er surface, which now 
points downwards, till it becomes changed into a complete 
porp-bearing surface. 

Some like Trarnetes rneyenii and Polysficins sarhadhikaril 
have corky or leathery fruit-bodies, by means of which they 
can dry up without any loss of vitality : others have hairy or 
soft and velvety upper surface (i.e. Pohjstictm hirmtas, Poly- 
Midus versicolor, etc.). As soon as the rains iK'gin to appeal’, 
they set forth an advancing zone which is quite marked off 
from the old zone. Two or three such annual zones, succeeding 
one another and showing two or three |)eriods of growth, can 
be easily seen in cases of Polystidus hirsutus, Polystictns versi¬ 
color, Trametes meyenii, Ganoderrm Incidus, Fomes sene.r, 
etc. In the case of perennial Fomes the different annual 
zones are usually in superposed layers and hence a section of 
it usually shows a number of stratified pore-tubes; usually 
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after one period of growth in some cases the mouth of the pore- 
tubes becomes closed by thin layer of context on which the 
pore-tubes of the next period appear, which become similarly 
closed and so on. Well-marked variations of the pores in the 
hymenial surface of Polystictus xanthopm and PolysUctits fiabelli- 
formis at high altitudes have been recently noted by me (10). 

One of the most important problems is the study of the 
dormant, resistant raycclia able to withstand unfavourable 
conditions in a quiescent stage. Every summer a critical 
change takes place in the aiSairs of most species of fungi common 
in tropical countries like Bengal and preparations are made to 
withstand the unfavourable conditions; most of the species 
die and a few survive leaving dormant mycelia. As I have 
remarked elsewhere, as soon as favourable conditions are 
renewed with the advent of rains they at once show vigorous 
growth and renewed activity, soon leading to the development 
of sporophores; that is why we suddenly meet with a number 
of species in the rainy season from unexpected places. Of course, 
the critical change does not take place at the same time of the 
year in the case of all species in different parts of Bengal and 
there is considerable specific idiosyncrasy as regards the biology 
of Polypores. Some mycologists have suggested that the 
appearance of certain species is periodical and fixed, say, at 
periods of tlnee years, etc. We have no precise information 
on this and similar other points, viz.—How do the species in 
any given locality vary from year to year ? What species 
occurs only rarely ? How does a species vary in a locality 
according to the season ? In Sdlwoods, Segunwoods, Pinewoods 
or other formations, how do the several species follow one 
another in succession from one season to another ? What 
species are common to more than one formation ? What 
n are the limits of variation in size of a given species ? What 
is the host-range of Polypore-species ? These are fruitful 
lines of inquiry that remain yet unexplored. Local Natural 
History Clubs can carry on very valuable work in this line, 
when supported by enthusiastic and keen collectors of local 
flora. 

The general biology of Poly pores is fairly well-known. 
Some Polypores begin their lives as saprophytes, attacking 
dead roots, stumps and branches, they then extend their hyphse 
round the living cells in the adjoining portions and thus become 
converted into parasites. Others begin their lives as parasites, 
their spores usually entering through, a wound, then they kill 
the living portion and finally establish themselves as sapro¬ 
phytes with a number of sporophores on dead parts of the 
.plants. In extreme cases the whole central cylinder (heart- 
wood) is destroyed, converting the tree into hollow structure. 
Some, ^ain, rarely continue their activity after the tree has 
been cut and converted into timber. 
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Some like Fames lucidm have two fonns, sessile and stalked. 
Stalked variety of Fames lucidus is found on bamboo-stumps 
and palm-stems (usually on Monocot.s) and we get sessile forms 
usually on Dicot.s. 

Some species of Polypare^, as has be<5n already remarked, 
appear later in winter provided the substratum has been suffi¬ 
ciently moist for the growth of the mycelium witiiin. This 
evidently shows that for them at least the temperature is not so 
important as the moisture. On the other hand, Palypores 
cannot grow in the total absence of air, for instance, on sub¬ 
merged ])ieces of wood. After the dry season it takes several 
weeks of steady rain for a fruit-body of Pahjpore to appear 
above ground and a single heavy rainfall is not enough ; this 
again shows that time is also an important element. The exact 
combination of time, moisture, and temperature necessary for 
the growth of Palypore, is, however, difficult to determine. 
The mycelium must be sufficiently well-developed before it 
has enough energy to produce fruit-bodies, and this development 
is exceedingly slow for reasons difficult to ascertain. 

Palypores, like other fungi, are active agents of decay 
an<l are very eliecdive in causing total disintegration of the 
dead vegetable mattej*; bacteria usually appear in the later 
stages of decay. In tlu^ case of wood it is the sapwood which 
is more easily decayed than the heart-wood chiefly because 
the cells of the heart-wood do not contain any food and their 
walls are toxic to fungus-growth. 

Some Palypores show a selective preference for a certain 
substratum which may bo dead j)arts of a tree, Wfiod or soil 
containing decaying vegetable matter. This specificity of 
saprophytisra, according to Brooks (15), may probably be due 
to the antagonistic influence of one fungus upon another, the 
first organism may exercise some toxic influence on the other 
or it may utilize the available food-material so rapidly as to 
starve the second organism. 

The parasitic species usually attack the roots and steins 
of Hying trees and shrubs and very rarely herbs. The trees 
attacked are impaired and, even if not killed by the fungi, 
are evidently blown down by storm. 

(c) Spore-discharge in Palypores. —There is considerable 
idiosyncrasy regarding spore-fall in detached fruit-bodies of 
Palypores in the laboratory. Much depends, of course, on the 
individual constitution and the period and mode of desiccation. 
I have observed that dried fruit-bodies without basidia do not 
discharge spores even if they are kept under moist condition. 
Probably in such cases the connection with the substratum is 
necessary for the purpose of food-supply and for revival with the 
formation of new active basidial layer. Dried fruit-bodies 
with basidia, moistened with wet cotton-wool at the top, usually 
shed spores under the moist condition in the cases of thin 
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spocimcns of Polyporus, Polyatictus, Tmmetea, Haxagonea and 
Daedalea, after varying periods of desiccation (weeks, months 
or years). In this condition I have observed the revival of old 
dried basidia as well as in some cases the formation of additional 
basidia from the .same old hymenial layer; but I could not 
observe any new hymenial layer. In some cases {Lenzites 
repnnda in December 1931 and Polyatictus hirstdus in January 
1932) 1 have seen fresh growth of tube lengths above the old 
pore-tubes after a week, when a piece of the sporophore was 
kept within a moist agar plate by sticking it to the upper lid 
of the plat<‘ so that the spores dropped dire -t on the agar medium. 
Here the older poriion of the pore-tubes had almost lost ba.sidia 
and si)ores, only the newer portions were full of basidia with 
attached si)ores, and the spore-fall period prolonged for twenty- 
nine days continuously. Tii one case I have seen the s])ore-fall 
continued for nineteen days at a st'ctcli, then there was a pause 
for seven days, and again the spores were discharged for the 
second time for twenty days continuously, the specimen being 
ke])t in the same moist condition tliroughout. Jii the case 
of only two fresh specimens of Polyporna oatreiformia collected 
during the rainy season, there was a side-growth of pore-tubes 
on all sides of the piece attached to the agar-plate and copious 
spore-fall continued both from the new as well as the old parts. 
8]>orophores of a good many dried and thin Polyporea with 
basidia did not shed any spore under the same moist condition. 
Evidently, they did not survive desiccation, thougli their basidia 
had not yet (mllapsed ; for a living specimen is sure to throw 
out spores when revived. Buller (19, pp. 110-111) has recorded 
that fruit-bodies of some of the Polypores revived after more 
than two years, and of one DaedaUa nnicolor, after more than 
four years, but he has not examined the basidia in these fruit- 
bodies. 

Xanthochroic Poly pores {Fomes senex, F. pashyphlaem, 
F. piniedla, Polyp, gilvua, Ganoderma lucidus, Ganod. applanatus, 
etc.) do not survive desiccation long, when detached from the 
substratum ; they shed spores only for a .short time in the fresh 
condition. Ganodertna specimens collected fresh during the 
rains, though full of basidia and spores, very rarely discharge 
their spores when kept at room-temperature (SO^C.) under 
artificially moist condition. I tried the effect of incubator- 
temperature at 37°C. with no better result. After repeated 
attempts for a number of days during the whole rainy season, 
I Was fortunate enough to observe spore-fall in two or three 
instances only (August and September of 1931). 

In spite of my repeated attempts, I could obtain no evidence 
of the progressive exhaustion of basidia and spores successively 
from the base to the mouth of the pore-tubes in ordinary cases 
of spore-fall where there was no fresh addition to the length 
of the pore-tul)es. In a Fomea aenex collected on 19th February, 
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1933, from the trunk of a living Ficm religiom tree, I could 
observe spore-discharge from the young tubes near the margin 
full of active basidia, but the old tubes near the base were filled 
up with stuffing hyphae, their basidia developing pale yellow¬ 
ish walls and becoming cemented together to form a pavement¬ 
like layer. Prof. Buller has observed saccessive generations 
of basidia coming one after another quickly from the tramal 
hyphae in some Agark.a\iVe Corpinus, etc., where the life-history 
of the species is short; but in Polypores with comi)aratively 
much longer life-history T have never observed more than one 
generation of basidia in one period of gi’owth. Another differenc e 
from a common Agaric is that old basidia of some Polypores 
do not at once collapse after the dischafgc of spores ; they remain 
probably at a stand-still for some time. In this connection 
one curious fact I have noticed is that specimens of Oanoderma 
lucidns, full of basidia when conscawed in the her])arium, ordi¬ 
narily get their ])asidia collai)sed in the course of thi’(‘e to six 
months, but in tw^o exceptional cases (om’ herbarium specimens) 
the basidia were in perfect condition for more than three years in 
the herbarium without any sign of colIa,i>sc, fully crow'ding 
the cavity of the pore-tubes. Of course, such herbarium- 
specimens of Ganodernm never shed any spores. 

I have noticed (8) that specimens of Polyporacem are usually 
full of basidia dtu’ing the rainy season; after the rains (u.suallj’^ 
from November and Dccaunber) the basidia in living and growing 
(in nature) specimens of G. lucid as and G. appUiaatas are suc¬ 
ceeded by hyphae projecting direct from the trama and bearing 
secondary spores at their tips, which are indistinguishable from the 
ordinary basidio-spores in any way ; juobably, these carry on 
spore-dischaige in the dry season. In one instance, 1 have seen 
that from a fruit-body of Trametes lactinea collectc^din December 
1931, where there were no basidia but only tiamal hyphap- 
projections within the pore-tubes, a large number of spores 
dropped on the agar-plate though there w‘as no revival of any 
basidia under the moist condition. In a private communi¬ 
cation to me in May 1932, Rev. Bourdot also cited some in¬ 
stances where he could get spore-discharge, though not a single 
basidium was visible under the microscope. In Xanthoehrous 
patouillardii Rick var. congoensis Pat. et Heim, Heim (36) has 
noted recently in 1933 such tramal hyphse-projoctions bearing 
terminal secondary spores indistinguishable from basidio- 
spores beside the basidia within the pore-tubes. In November 
1931, I observed that after an unexpected shower of rain 
specimens of Oanoderma which had their basidia almost replaced 
by direct tramal hyphee, reverted to basidia-formation. 1 
have just published in ‘ Phytopathology ’ (April 1935) the 
cytology-study of the secondary spore-formation in such hyph® 
where I have shown that secondary spores seem to be formed 
by way of amitosis. In several instances of common local 
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Polypores, I have noticed usually in November and December 
such tramal hyphse-projeotions within the pore-tubes bearing 
terminal rudimentary spores. In the case of Polypores cakuf- 
tensis Bose, I noticed hyphal projections also from the basidial 
heads, besides those direct from the trama. 

Some species of Polypores [viz. (1) Polyporus luzonensis, 
(2) Trametes lactinea, (3) Lenzites repanda, (4) Pomes sen-ex, 
(5) F. tricolor, (6) F. rimosus, (7) F. fastuosus, (8) F. pachy- 
phlaetts)], after the rainy season is over, close up the openings of 
the pore-tubes by outgrowths of stuffing h 3 T)h 8 e from the trama 
in the form of a net. It seems a specific character, present in 
some and absent from many others. 


Physiology of Polypores, (a) Life-history studies in 

ARTIFICIAL CULTURES. (6) MONOSPOROUS CULTURES, THE 
STUDY OF HETEROTHALTJSM AND THE PROBLEM OF 

SEX IN Fungi, (c) Enzyme-action of some 

LOCAL POLYPORBS. 

(a) Life-history studies in artificial cultures of more than 
a dozen of our local Polypores have been carried out and were 
published by me (5) in 1930 in the journal of the Linnean 
Society where, under the heading of general remarks, I have 
considered at some length the peculiarity of the germination 
of basidiospores and the presence of basidia within the sporo- 
phores, the influence of gravity on the formation of pileus, the 
influence of sunlight on cultures, the location of sporophores 
in culture-media, the density of the mycelium and the sporo- 
phore-formation, the length of the life cycle in difierent media, 
the development of true pilei in artificial cultures and the nature 
of the media favourable for the sporophore-formation of these 
Polypores. The spores of some Hymenomycetes, especially the 
coloured varieties, are difficult to germinate; in others, though 
the spores germinate, it is difficult to obtain the final fructi¬ 
fying stage. No satisfactory explanation of the cause of this 
failure can at the present .stage be offered. Fresh sporophores 
collected during the rainy season are usually full of basidia. 
So also are Oanoderma specimens during the continuous rains. 
Otherwise, that is, unless collected at the proper humid season, 
it becomes difficult to find basidia in sporophores. Basidia 
collapse sometime after the discharge of their spores. In the 
case of the perennial species we have no direct observation as 
yet whether the same hymenial layer functions each year by 
the pushing up into it of new basidia developed from the sub- 
hymenium. In case of the cultures exposed to the diffused 
chamber-light, it was found that the general effect of light 
seemed to check the vegetative growth which was ultimately 
followed by the sporophore-formation. In most cases nf 



121) 


Presidential Address. 


271 


sporophore-formation within th,e culture-tubes, it was noticed 
that they were formed on the upper end of the slant towards 
the glass surface, that is, almost always away from the moist 
agar-surface towards the drier air at the margin of the culture, 
and that they were often associated with a poor vegetative 
mycelial growth. It has been rightly remarked by Klobs (40) and 
Robinson (53) that there is an antithesis between the vegetative 
growth and the reproductive acti^^ty ; this holds good generally 
in green plants also. In artificial cultures of Pohjimes on 
blocks of wood, the length of the life cycle was prolonged, 
while in the tube and plate-cultures in malt-extraet-agar medium 
it was much shorter. Typical pilei are hardly formed in arti¬ 
ficial cultures ; in some cases only the hymenial surface with 
characteristic pore-tubes is formed, in others an elongated 
patfih consisting of shallow pores and recalling the Htnu^ture 
of tlie genus Poria is formed, as Jioted by Baxter (2). These 
Polypores can fruit on a wide range of media irrespective of 
their si)ecial host. No special decoction is necessary for their 
sporophore-formation. In the present case almost all of them 
fruited in malt-extract-agar medium. 

(6) In La Cellule in March 1934 (7), I published the 
J esuits of my study in detail of the sexual reactions of two of 
our common Polypores, Polyporus ostreiformis and Polystictus 
hirsutus, by a large number of monosporous cultures and of 
their pairings. They show that both are strictly heterothallic 
and bisexual species. The addition of minute doses of poisons 
and of acids to the culture media, which were inoculated with 
monosporous as well as bisporous mycelia of both the species, 
did not produce any change either in the original sexual reaction 
or any saltation or mutation of the monosporous mycelia. This 
is quite contrary to the experience of Heldmaier (37) in the 
case of two soft Agarics, Collybia velutipes and ^ichizophyllum 
commune, and of Oates (29) in the case of Mucor. Monosporous 
cultures, exposed to variations of temperature and of light 
and darkness and growing in different kinds of nutritive media, 
did not mutate from the haploid to the diploid state, though 
they were kept under observation for over two j’fars. 

There I remarked that from a survey of these results 
one feels tempted to suggest the possibility that with hard 
fungi, such as Polypores, which might be regarded as the biggest 
forms among the fungi in terms of rigidity and solidarity, the 
two sexes are of a stable character and not easily interchangeable 
as is the case with the various groups of lower fungi examined 
by different workers from time to time. Mounce’s (44) expe¬ 
rience with Forrm pinicola also points in the same direction. 
In this connection one may be permitted to point out an analo¬ 
gous case in the animal kingdom where the sexes of the higher 
animals are not easily interchangeable while the lower animals 
-^of the order of insects can be easily converted from one sex 
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into the other through the nutritional state, as has been pointed 
out by Holclaway (39). 

As I tliink, altogether about a dozen species of Polyporamr 
up to now have been studied by different workers (Moiince. 
liobak, Vandendries, and Bose), all showing hetorothallisin. 
Of these, eight— Polyporus ostreiformis, Polyporus anceps, 
Polydictus hirsutm, Pomes pinicola, Pomes rosens, Lepioporus 
imherbis, Lenzite^ sejnaria, and Trametss protracta —are bis(^xual, 
and seven —Polyporus borealis, Trametes swiveolens, TramMes 
hispida, Trametes cinnabarhm, Lenzites hetulina, Polysticins 
versicolor, and Coriolus zonatus —are quadrisexual. 

Problem of sex in fungi. —^Wager (62) has pointed out 
that a normal sexual fusion (fertilization) includes at least 
two distinct phenomena—(1) the blending of the parental 
characters derived from two distinct lines of descent and (2) 
the rejuvenescence of the reproductive cell by means of whitdi 
it receives a new stimulus to growdli and division. In the 
higher fungi, this normal typci of sexual fusion has disappeared, 
and it has been replaced by a simpler type of nuclear fusion— 
endokaryogamy —the purpose of which is to provide for the 
nuclear reorganization and reinvigoration of the individual 
reproductive cell just at the time when large numbers of sport's 
are about to be formed. Here we have no blending of two 
linos of descent but simply a recombination of nuclei, which 
had become more or less difEerentiated in the indiv-idual, for 
restoration of the vigour necessary for further development. 
Later on, he remarks that fertilization is not an essential factor 
in reproduction, that in certain forms of lower animals fertil¬ 
ization may be replaced by stimuli of various kinds and that 
unfertilized ova of the silk-moth can lie stimulated to develop 
by rubbing them Avith a brush or dipping them for two minutes 
in sulphuric acid and then washing them. Loeb has given 
pumcrous examples of substances—hypertonic sea-water, solu¬ 
tions of magnesium chloride, sugar, potassium salts, inorganic 
acids, oalcium salts, fatty acids, etc.—all of which are capable 
of ejecting division in non-fertilized eggs. In the case of yeasts, 
the unicellular fungi (one of the lowest forms of plant- 
life), Winge (67, p. 107) remarks that the ‘fertilization does 
not consist in a union of cells that differ genotypically, nor do 
the cells have to differ phenotypically. It is not a question of 
+ and — cells as in some Basidiomycetes. (It is a case of indis¬ 
criminate combination of any two cells.) .... One might 
feel inclined to claim that these Saccharomycetes show, among 
other things, that sex is not a prerequisite of fertilization. In 
the present instance, the fertilization plays a part in the 
developmental cycle without any demonstrable sex-difference 
of the cells ’. 

Side by side, I think, it would be useful to consider the 
remarks of some workers in connection with sex-determination 
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in seed-plants. For instance, SchafEner (56) states that proto¬ 
plasmic structures have hereditary factors, although all normal 
Mendelian heredity must have its factors in the chromosome 
alone. Sexuality is a general potentiality and the balance 
may swing to maleness or femaleness through the influence of 
environment or a physiologic state which is brought about 
through a physiologic gradient in the regular ontogeny. He 
(57) maintains that if there is a difference in the chromosomes, 
it is a result of sex rather than a, determiner of it. He points 
to sex-reversals, in which a male plant changes to female or 
vice versa, as conclusive evidence that sex is not determined by 
genes or chromosomes. Riddle (49) is of the opinion that 
sex-chromosomes or genes probably normally determine sex 
through the controlling metabolic rate, that the metabolic 
differences between male and female gametes can override 
the normally controlling influence of the chromosomes, that 
mtersexes and hermaphrodites can arise from chromosomal 
or genic causes, but can also arise from a metabolic cause while 
chromosomes and genes are normal, and that the metabolic 
distinction found cannot be interpreted as a secondary sex- 
character. Bressman (13) has given an excellent summary 
of the literature on sex in seed-plants from whi(!h it is evident 
that there are many different opinions with regard to what 
determines sex. He remarks (13, p. 338) that undoubtedly 
the germ-plasm has much to do with the determination, but 
it does not probably decide everything regarding this character. 
His results show that sex reversals from male to female are 
fairly common in the cultivated species of hops, Humulus 
lupvlus. 

This leads to the theory of potential bisexuality which 
seems to hold ground in fungi (especially Hymenomycetes); 
of course, in the higher fungi there is no sexual apparatus. 
In La Cellule (pp. 258-259) in 1934,1 discussed all the prevalent 
theories of sex in fungi which have emerged one after another— 
the theory of multiple sexes, of sexual mutation, of saltation 
under cultural condition, of nutritive heterothallism, of relative 
sexuality and potential bisexuality. Of these the theory of 
potential bisexuality seems to cover most of the facts in various 
groups of fungi. This theory was first put forward by Ames 
(1) in 1932. According to him the strains from uninucleate 
ascospores of Pleurage anserina are not heterothallic strains, 
male and female respectively, but are hermaphroditic self- 
sterile strains, requiring cross-fertilization by compatible oppo¬ 
sites for the production of mature fruit-bodies (pt-rithecia). 
Gwynne-Vaughan (34) also held in the case of Ascoboltts macini- 
ficus in 1932 that its thallus is heterothallic but monoecious, all 
thalli being capable of bearing both male and female organs 
which are never self-fertile but cross-fertile—a view somewhat 
akin to Ames’ idea of potential bisexuality. 

18 
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Late Hans Elniep (41) from 1916 onwards and Mile. Bensaude 
(3) in 1918 described the union of two mycelia of + and -- 
strains as a necessary preliminary to the formation of sporophore 
in heterothallic species of Hymenomycetes, In such cases 
plasmogamy is usually separated from karyogamy in the 
basidium by several successive divisions of conjugate nuclei 
through clamp-connections. This is held as indicating a 
‘ degeneration of the sexual process ’ and as the principal point 
of distinction from the type of sexual fusion in green plants 
where there is simultaneoiis fusion of protoplasm and nuclei 
of two conjugating gametes. But a closer reflection would 
lessen this difierence; no doubt in the higher plants we have 
fusion of the two nuclei with the formation of the zygote and 
the initiation of the diplophase but not the fusion of two sets 
of chromosomes (male and female) which simply lie together 
in the fusion-nucleus ; the actual fusion of clnomosomes is 
delayed in higher jdants by almost the same long steps till 
the prophase of the reduction-division or meiosis in connection 
with microsporogenesis or megasporogenesis. In the Hymeno¬ 
mycetes, on the other hand, the fusion of two nuclei in the 
basidium is almost at once followed by the fusion of their 
chromosomes in connection with meiosis. Thus, the only 
difference is that in the Hymenomycetes the two conjugate 
nuclei from two different strains (plus and minus) are not in 
actual contact with each other in the form of one fusion-nucleus 
as in the higher plants, though they lie very close in each cell 
of the hyphse. 

(c) The enzyme action of some local Polypores. —I have 
just now completed some work on enzymes in some of our local 
Polypores (Polyporus ostreiformis, Polystictus hirsutm, Polystic- 
tus sanguineus, Daedalea flavida, Trametes lactinea and others). 
In each case we have determined the more important enzymes, 
both mtraccllular and extracellular, in artificial cultuic in one 
particular liquid medium (2% malt-extract of i)H fi 8) at three 
different stages of the siKJcies, viz. (1) young hyphal condition 
(purely vegetative mycelium), (2) old hyphal state (mycelium 
about to fruit), and (3) fruitmg condition (actual fruits formed 
with adhering old mycelia); side by side we have compared 
the enzymes found in fresh sporophores formed in nature during 
the rains on prostrate logs, etc. The enzymes of the following 
groups were found: {a) carbohydrate-splitting, (6) proteolytic, 
(c) lipolytic, and {d) oxidizing enzymes. It is well-known that 
secretion of enzymes varies qualitatively and quantitatively 
according to the nature of the medium of the fungus. Having 
used malt-extract medium in all cases we got the predominance 
of carbohydrate-splitting enzymes. From the results tabulated 
it appears that in each case there is a marked decline in the 
activity of enzymes as the fungus passes from the purely vege¬ 
tative state to the fruiting condition, that in the fruits formed 
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*in nature the activity becomes still less (but in the case of 
catalase slight increase of activity in the fruiting stage in artificial 
cultures has been noticed) and that extracellular enz 5 '^me 8 are 
much more active than intracellular ones. Of course, the 
quality and quantity of enz 3 Tnes vary with each species, for 
instance, the diastatic activity of Polyporm ostreiformis is 
about five times as great as that of Polystidus hirsutm while 
the corresponding activity of maltase is about twice as great. 
In connection with enzymes, especially in the case of parasitic; 
species, we should also consider the other side, namely that 
enzymes may sometimes be prevented from working by forces 
exerted by the living host-cells—a type of chemical resistance 
offered by the plant, as pointed out by Brown (16); in such 
cases there is no attack as the cell-walls of the plant cannot 
be dissolved by the enzymes. Corner (23) has shown that ‘ on 
inappropriate host the early stages of penetration are the same 
as on the proper host, i.e. the cuticle is pierced mccluinically. 
The i)enetration-process, howtivor, usually develops no further 
in the inappropriate host and is probably killed by toxic sub¬ 
stances in the “ host ” cell ’. Herein lies the importance of the 
knowledge of the chemistry of the cellulose, hemicellulose, 
pectin, and similar substances. 

MEDICmAL rnOPERTIES AND OTHER USES OE POLYPOEACE^. 

Some of the ear-shaped Polypores (especially Fomes pec- 
tinatus (ialled in vernacular ‘Karudiata’, having resemblance 
to human ear or ‘ Kan ’) are used in crude form in various 
parts (Khulna district in particular of Bengal) amongst villagers 
to cure the weeping eczemas of the human ear. They usually 
burn the fruit-i»odies and externally apf)ly their ash. The 
chemical analysis of the ash of Forms peUinatas kindly carried 
out by my friend, Mr. K. C. Roy, M.A., late Prof, of Chemistry, 
Presidency College, Calcutta, shows among others the following 
constituents;— 


Silica, sand, etc. .. 

.. 31-7 

Cl .. 

•5 

SO 4 .. 

2-3 

KjO .. 

.. 14-3 


.. 22-5 

PA.. 

.. 18-8 

CaO .. 

4-7 


Polyporm anthdminJticm collected from Bamboo roots in 
the 24-Perganas in Bengal in September 1921, is used in Burmah 
as an anthelmintic (65, p. 258). The substance of Poly pores 
(like Qanoderma lucidm, G. applanatm, etc.) may be used as 
strops for razors, as covers for boxes, etc. (21, p. 103). It is 
suggested (59) that woody shelf-fungi {Fomes fomentarisus, 
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etc.) may be used as a substitute for cork and kindling wood. 
In South Australia (20) the substance of the thick white fruit- 
body of Trametes lactinea is used as pith for mounting delicate 
insects, flies, and mosquitoes for entomological collections. 
Hymenial surfaces of Hexagonia apiaria, Daedalea flavida, 
Lenzites alvtaceom, etc. may be used as a brush for polishing 
the rough surfaces of wood. 

Ladies and Gentlemen, the aim of science is to extend 
the bounds of knowledge and reduce it to order. The sense 
of the unknown haunts the scientist; the intoxication of ad¬ 
venture and discovery is upon him. And while the true scientist 
always has to deal with the observable in life, he is continvally 
inspired by what may be called ‘ the inner vision ’ of the yet 
unobserved possible whole which an intensive study of parti¬ 
culars bestows upon him. Of that ‘ inner vision ’ and that 
spirit of adventure is born a feeling of supreme joy. ‘ The joy 
of discoverysays Shear (58), ‘ and the intellectual pleasure 
to be derived from the contemplation and appreciation of the 
wonderful variety of forms, their complexity of structures and 
the mysteries involved in their origin and evolution, their 
life-histories and relationships, and the joy from the discovery 
of unknown facts and forms—these are some of the richest 
rewards for the student. Mycology may bring something 
much more satisfying and valuable than money or glory ’. 
Again, be it remembered that this joy is never merely personal 
or selfish, for discovery dawns upon the scientist in rare moments 
of self-effacement and disillusionment. The man who dedicates 
his life to the search for truths in nature has the spirit of God 
in him. The laws of nature can be approached only by such 
spirit, the whole universe can be brought to order out of chaos 
by such laws. 

Lastly, Ladies and Gentlemen, as I make my exit, let me 
bid formal adieu to you all and make room for my learned 
successor, who, according to our custom, has been already 
elected to this office of trust and responsibility. 
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Section of Botany. 

Abstracts. 

ALG^. 

1. Algal vegetation in relation to pisciculture. 

K. Blswas, Calcutta. 

Scientific investigations are apt to be interpreted in terms of exchange 
by a section of people. The author has frequently been challenged 
regarding the uses of his investigation into what may be called the slime 
world. Various economical aspects of the study of alg® have been touclied 
upon by Prof. M. O. P. lyenger and Dr. S. L. Ghose in their presidential 
addresses before the Botany Section in 1028 and 1933. The author has 
therefore confined himself, for the present, to the most important economic 
aspect of algological investigation, namely relation of alga* to the cidtiva- 
tion of fishes. Fishes form an important item of hmnan food; they in 
their turn live on various sitnilar animals. These animals again in their 
turn live on algae supplying them either food or shelter. The authoi- 
has discuased in this paper some of the cluu^acteristic features of such 
species of alg®. 

2. A note on a collection of slime algse from the hot springs 

of the higher Himalayas. 

K. Biswas, Calcutta. 

Mrs. H. P. V. Townend during her tour in May to June, l'J3o, in 
northern Sikkim collected two tubes of alga' from two ho(. springs at an 
elevation of 12,000 ft, to 15,000 ft. A characteristic green layer of Spi- 
rf)gyra sp. was observed forming a deep green slimy spreading cushion 
on the rocky bed of the hot springs. The other species formed a violet 
bed composed of a pure association of a form of OsciUatoria, cf. terehri- 
formia (Ag.) Gom. 

Another bottle of slimy mass was collected by Mr. J. B. Atiden 
of the Geological Survey of India from a hot spring in the Kumaon 
Hills of the Western Himalayas in December, 1934. His specimens are 
composed of an OsciUatoria sp., Phormidium sp. and three species of 
diatoms—the most common of which (often found imbedded in the slimy 
masfi of Phormidium and Nostoc) is a form of Fragilaria mutabilis. 

3. Observations on a species of RMzoclonium under culture 

conditions. 

S. L. Ghose, Lahore, 

The species is very common in Lahore during most part of the year; 
it has not been identified definitely so far. 

Plants were kept in a well-lighted place for more than a year in 
glass-troughs, full of tap-water, which was continuously aerated. 
Rhizoidal branches were seen to be formed in greater abundance than 
in normal conditions and were of much greater length. 

Cultures were also made in petri dishes and in drops of water on 
a slide, which were kept in moist conditions. Here also rhizoids were 
formed more abundantly. 
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The formation, discharge and germination of zoospores has been 
studied. 

A cell with a number of zoospores was hermetically sealed in a drop 
of water on the slide. In about a week’s time the zoospores developed 
thin but clearly defined walls round themselves, and resembled aplano- 
spores. These, however, have not been induced to germinate so far. 

4. Three new myxophycesB from Ceylon. 

Y. Bhaeadwaja, Benares. 

The paper describes throe new myxophyceous algsp, i.e. Calothrix 
ramosa, Fincherella anormla and its variety faatigiata. These plants 
are from the sanie Ceylon collection of Prof. F. E. Fritsch, F.R.S., from 
which the writer has already described a number of new forms. 

5. On a form of Pearaoniella Fritsch et Eich from Benares. 

y. Bhaeadwaja, Benares. 

The paper describes a new form of the rare genus Pearsoniella Fritsch 
et Rich, and discusses its systematic position. 

6 . Seven new Clirysophyceac from the south-east coast of 

England. 

P. An AND, Lahore. 

1. Glaiochrgnix maritima sp. nov. This species differs from G. 
pyrt’nigrm Pascher in its marine habitat, in the small size of the cells, 
in the ])re8en<*e of (wo grfieuish-yellow chromatophores without pyrenoida 
and in the absence of contractile vacuoles and stigma. 

2. Giffochryfiiii Htnrnlis »p. nov. This species differs from G.niaritinm 
in the texture and colour of the stratum, in the ill-defined stratificat ion of 
the envelops, in the shape of the cells and the colour of the chroraato- 
phores. 

3. Chrymtiia sfipitata Gen, et sp. nov. This alga is chiefly character¬ 
ised by its dendroid habit, the poar-shapetl or oval cells being borne 
singly at. the ends of simple or branched hyaline stalks, which consist of 
successive cupshaped strata. These stalks arise by periodic contraction 
of the protoplast in the upward direction which is followed each time by 
the secretion of a membrane. The part- of the parent-cell left empty 
and intervening between the basal part of its wall and the base of the new 
cell appears as a cup. As this process of rejuvenation takes place repeatedly 
the 'Original protoplast becomes carried up on a stalk of increasing length 
in which the successive membrenes appear as series of curved speta. 
In the method of stalk formation C.Mpitata resembles Kuckuck’s Pramno- 
cladm, as described in detail by Lambert, where the stalks are likewise 
made up of compartments duo to repeated rejuvenation of the protoplast. 
In C. stipifata, however, the protoplast never slips out entirely from the 
parent cell, so that the segments of the stalks are much shorter. 

The dendroid types of colony hitherto known among Chrysophycea; 
are represont-ed by forms like Paschers Chrysodendron, in which flagellated 
cells, which may readily become detached, are seated singly at the end 
of a system of delicate forked stalks. So far, however, no dendroid types 
have been described parallel to forms like Kuckuck’s Praainoeladwt or 
Borzi’s HormotUa among the Chlorophycese. OhrysotUa atipUata fills 
this gap, resembling them in habit and the former in the manner of form¬ 
ation of the colony, 

4. ChryaotUa JarmUoaa sp. nov. The species is specially character¬ 
ised by the rounded shape of the cells which have only a delicate wall, 
but are surroimded by a thick concentrically lemellated envelope. 
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5. Apititonema Carteri sp. ixov. This species of Apistomma is dis- 
1 inguished by its marine habitat. It differs from A. wmmuinttm Paschor 
in the size of the cells, in the presence of two ohromatophoros and in the 
development of long branched filaments. From A. pyreMigcrum Paschor 
it differs in the size and often considerable length of the cells, the mode 
of branching, the absence of pyronoids and contractile vacuoles and 
the presence of intercellular strata resulting from the deposition and 
gelatinisation of successive membranes. 

6. TlinUochnjsis I if oralis sp. nov. This species differs from T. 
Paschori Conrad in the marine habitat, in the production of longer filaments 
consisting in part of two rows of cells and in the prosencjo of two chro.nato- 
fibores. 

7. Vhrysonema litoralis Gen. et sp. nov. The unattached filaments 
are erect and bear short branches which arises from the upper end of the 
parent cell and usually consist of only one or two colls. The cells are 
all cylindrical, H-12y broad and 2-3 times as long. The genus is 
essentially charactoriscfl Tiy its unattached habit, by the absence of 
differentiation among the cells and by the possession of a single chromato- 
phore. ill the first' character it' resembles Gcillcr’s C/trysotioniam, but 
differs from it in the longer cylindrical cells, the different, met hod of branch¬ 
ing and especially in the possession of a single chroma!ophoro. There 
is a certain resemblance to the filamentous stagi's of Apistonrmn Carteri, 
but the two forms occur in <(uitc different habitat and the constituent 
cells of ('hrysoncma never separate; moreover those of the former usually 
contain tw<- chromatophoros and liave a cellulose wall. 


7. On some new marine Myxophycea'. 

P. An AND, Lahore. 

1. Chrooi-occus calcicola sp. nov.—penetrating into the chalk to a 
depth of about one millimetre ; differs from (•'. lilhophilus Ereegovie, 
the only ot her species with the same habit, in the smaller angular colls, 
withpale-hhie contents, the invariably hyaline sheaths, and the occurrence, 
of cells in grou; s of 3 or 4. 

2. Xmoeocciis violanea sp. nov. This species shows cert ain resem¬ 
blances to X. 'pyrifonnis Sotch. and Gard. and X. Oilkeym Sotch. and 
Gard. It differs from the former in the shape of the cells, the purple 
colour of the protoplast, the format ion of parenchymatous discs, the size 
of the spores and the occasional presence of a sterile basal portion in the 
sporangium. It resembles X. Oilkeyw in the structure of the sporaiigium, 
but differs from it in the size of the colls and spores, in the colour of the 
contents, in tho presence of a distinct cell-wall and in the formation of 
large colonies. 

3. Dermocarpa Enteromorphee sp. nov. This species stands nearest 
to D. sposroidm Seteh and Gard., but differs from it in the large colls, in 
the thick stratified wall and the bigger spores. 

4. Calolhrix litoralis sp. nov. This species is specially characterised 
by the elongate flexuous threads, which do not taper into a hair, have 
basal heteroeysts and a firm moderately thick, non-ocreate sheath. It 
lacks the symplocoid habit of C. pulvinata from which it differs in the 
thin non-ocreate sheaths, the blue-green colour of the trichomos, the 
serial basal heterocysts, and tho occasional occurrence of ititorcalary 
heteroeysts. 

6. Cahthrix pvAvinata Ag. var. prostrata var. nov. Tho variety 
is characterised by its prostrate endophytic habit, tho highly flexuous 
and elongate threads, the thick sheath and the basal seriate heteroeysts. 
In some of the older filaments the sheaths show transverse annulation 
mainly at the base. 
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6. Plectnema litoralis B^.nov. This species is markedly characterised 
by the thick orange-colotired sheath, the profuse branching, the slight 
tapering of the trichome and the short branches forming hormogones. 
It differs from P. cahtrichoides in the absence of markedly tapering fila¬ 
ments and the large size of the cells. 

7. Fhormidium fweolaru'm {Mont. Gom.) forma rmniliformis f. nov.— 
characterised by the short, strongly coiled trichomes and the small size 
of the cells. 

8. P. molh Gom. forma elongata, f. nov. Cells elongate, 1.8-2/x 
broad, 2-6.5;* long. 

forma minor f. nov. Filaments short, torulose, usually bent, sheaths 
not visible, cells 1.5-2.2/* broad, 1.7-3;* long, with pale blue contents. 

9. P. suhmetnhranaceum (Ard. and Straff.) Gom. var. minor var. 
nov. Characterised by the absence of marked tapering at the ends of the 
trichomes and by the small size and isodiametrio shape of the colls. 

10. Lyngbya gracilis Raben. var, maritima var. nov. This variety 
differs from the typo in the glistening deep-blue stratum, the firm sheath, 
the small cells which are as long as broad, and the absence of any thickening 
on the apical coll. 

11. Sehizothrix Fritschii sp. nov. The species is characterised 
by its epiphytic liabit, by the thin hyaline sheaths, and the narrow pale- 
brown trichomes. It differs from S. Grcsswdlii in habit and in the narrow 
width of the tufts and the filaments. 

8 . An Ecological and Taxonomic Study of the Algse of the 
British Chalk-clijffs. 

P. Anand, Lahore. 

No pi'evious ecological and taxonomic account’ of the algal flora 
of the British chalk-cliffs, and particularly of that of the spray zone has 
been published and the present’ investigation thiis deals with an hitherto 
unexplored fudd. 

The algal vegetation along the base of the cliffs is grouped into a 
number of distinct horizontal bands which extend for long distances 
ai»d are interrupttMl only by the caves, artifiiual embankments, etc. Four 
definite belts can be distinguished from below upwards, viz. 

1. The P«cM«-bolt. 

2. The Enteromorpha-hfiM. 

3. The CArysopftycecB-bclt. 

4. The Prtdw/emwi-belt. 

Each belt displays a distinctive colour determined by that of the 
d(minaut species of alga present. The Fmus-helt is in great part sub¬ 
merged at high tide, while the others are only reached by the spray. 

The chief factors influencing the distribution of the algai on the face 
of the cliff are the water-relations, the salt-concentration and the tempera¬ 
ture. In the tunnels hollowed ou(' by the waves, currents and the shade 
from direct sunlight play the principal r61e. Inside the caves the distri¬ 
bution in belts becomes vortical rather than horizontal, being determined 
principally by the light-intensity at different distances from the opening. 
The various factors concerned have been investigated experimentally 
both on the spot and in the laboratory. 

The algal vegetation in the various belts con be grouped into a number 
of communities whose distribution is related to their position with respect 
to high tide-level, to the degree of illumination and to the nature of the 
substratum. In several cases, too, the development of a community 
is seasonal. Most of the communities distinctive of the Chrysophyceas 
and Endoderma-helts are new for the algal vegetation of the litoral region. 
Their absence on the stone and concrete embankments indicates a pre¬ 
ference on their part for the chalk-substratum. 
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The total number of species observed is 151, a number of which 
are new records for the British coast. They include two new genera 
{Chrywtila, Chrymmma), 13 new species (Oloeochrysis maritima, 0. litornlis, 
Chrysotila stipituta, C. lamdlom, Aputonema Carteri, Thcdloehrysis litoraMs, 
Chrysonenta Utoralis, Chroococcus calcicola, Xenoeoccus violacea, Dermocarpa 
EnteromorphcE, Calothrix Utoralis, Plectnema Utoralis and Schizothrix 
Fritschii) and 9 now varieties and forms [Xe^o(ioccu8 Gilkeyce forma, 
X. Schousboei forma Calothrix pulvinala var. prostrata, Phormidium 
foveolarum f. moniliformis, P. fomolnrum f. minor, P. moUe f. elongata, 
P. tnonile forma, P. sttbrnembrancewn var. minor, Lyngbya gracilis var. 
maritirm). 


FUNGI. 

DISCUSSION ON ‘SALTATION IN ARTIFICIAL 
CULTURES OF FUNGI’. 

S. N. Das Gupta, Lucknow, opened the discussion. 

S. N. Da.s (Ixtpta. —It has been shown by various investigators that 
fungi of moiiohyphal and moiiosporal origin which have been breeding 
true for many generations may suddenly give rise to new strains from 
certain parts of the culture. The phenomenon of sudden and sponta¬ 
neous production of a now form, from a genetically pure one is termed 
mutation in higher plants. Tho term mutation, however, has a definite 
genotical significance; but no such significance can be adduced to the 
variations observed in fungi. Hence the term saltation has been intro- 
du(!od to describe the phenomenon in fungi which is comparable to mutation 
in higher plants without any reference to the genot ical changes involved 
in the process. The term is not universally adopted. Both saltation 
and mutation are extensively used by mycologists, the choice resting 
with the authors. 

Saltation in a fungal mycelium may occur in the form of a sector 
or it may be masked. The former is more common; the latter cojidition 
has been obtained in a strain of Fumrium (Brown 1926) and in Diaporthe 
pernkiosa (Homo and Das Gupta 1929) where tho presence of the sallants 
is only apparent when portions of myceliumare separately cultured. 

Various types of saltation can be distinguished. 

1. Orthogenetic.—Where saltations themselves in their turn saltato 
to produce new strains, so that there is a series of strains, ono arising out 
of another in one genealogical line. (Stevens 1922, Christensen 1929, Mitter 
1929). 

3 . Cyclic.—^Where a particular strain gives rise to a salt-ant and tho 
saltant later produces back the parent form. The parent and the saltant 
must never lose their identity and remain distinct from each other. (Homo 
and Das Gupta 1929, Brett 1931, Wiltshire 1932). 

3. Saltation into complementary strains.—In which strains possess¬ 
ing complementary characters are produced. For example, CAj and 
CA 4 , two infertile saltants of Cytoaporina ludibunda, are complementary, 
with respect to pycindia formation (Das Gupta 1933). 

4. Saltation with age.—^Invariably occuring at a definite age of tho 
mycelium. (Home and Das Gupta 1929) 

5. Ever-saltating strains.—Forms which saltate in every cultural 
generation. (Home and Das Gupta 1929). 

Saltation may involve (i) morphological character, (ii) physiological 
character, and (iii) pathogenicity of fungus. The changes shown are 
extensive and involve not only one but many of the specific and sometimes 
generic characters. The importance of saltation in the taxonomy of 
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fungi is thus obvious. The change in pathogenicity duo to saltation 
is quite common. The saltants are usually found to be less parasitic 
than the parent (Harvey 1929). A number of cases has, however, been 
observed where the saltants wore relatively more virulent than the parent 
strain (Christensen 1925, Das Gupta 1933). This indicates that saltation 
from non-pathogenic or loss pathogenic strain to highly pathogenic ones 
may occur in nature as well. The weaker parasitic power of a saltant 
in comparison with the parent is no conclusive proof of its harmlessnoss 
in nature since a parasite is weak only with regard to a particular host, if 
the hosti is different the r61e may be reversed. This is found in certain 
parent and saltant st rains of Uytosporina ludklurula where CA 4 and MK 
attacked IJramlcy's seedlings apples less virulently and Worcester pearraain 
apples more virulently than the parent (Das Gupta 1933). 

Saltation can be inducted by almost all the factors which have effect 
on the growth of a fungus. For example (i) chemicals, (ii) temperature 
(J 3 amo 3 1928, I93t), 1!)3.")), (iii) ultra-violet radiation (Rtovciis 1928, Dickson 
1932), (iv) X-radiation (Dickson 1932, 1933), (v) radium radiation (Sibilia 
1934). The saltants produced are independent of the nature of inducing 
agent employed, since identical saltants have been obtained by means 
of ultra-violet and X-radiation (Dickson 1932). 

1 have us«)d the t cim reversion to diniotc such cases where a saltant 
completely loses its identity during (tultnre atid changes to the original 
parent type. Reversion is more or loss common (Chaudhuri 1931) and 
is of groat significance since it. implies that whatever genet ical changes 
might lead t(i the occurnmeo of saltation the reverse process must also 
occur during reversion. 

Ill spite of the large amount of work done on saltation oiu" knowledge 
regarding the problem is meagre. Many important questions still remain 
unsolvoil, viz.— 

1. The specific purity of fungal strains. The first condition that 
must bo satisfied to prove the occurnMico of saltation is that the strain 
concerned must bo genetically pure. In mycologkal work the accepted 
criteria of the specific purity of a strain is that the strain should have 
its origin from a single spore or from a small fragment of a hypha and 
that it shoulfl breed true to typo. Monohyphal or mono,sporous origin 
of a stTain is, strictly speaking, no test or purity, since the genetic ccut- 
stitution of either may not be pure. It has been proved by the author 
(Das Gupta 1934) that even a small fragment of a hyphal tip from an 
apparently pure culture may have two distinct characters associated 
together. All cultures should, therefore, be subjected to searching 
examination before being finally passed as ijuro. 

2. Probable causes of appearance of new strains. 

(а) 8e!fregaiion/> from Jieterozyyoua or hybrid sfraim Heterozygosis 
is common in fungi and since the past history of almost all fungi remains 
unknown, it is possible that some saltations recorded in mycologieal 
literatures are mere cases of segregation. It would, however, bo unwise 
to dispose of all the saltations as segregation from hybrid strains. 

( б ) Hybridisation. The experimental evidences are conflicting. 
Dickinson’s method, which consisted in crossing two distinct straina 
and isolating the fusion hyphaj and growing them separately, gave negative 
results (Dickinson 1932), Further experiments on this line are likely to 
produce important results. 

(c) Change in nucleus, chromosome or gene character. Solution of 
this problem is difficult since most of the fungi do not lend themselves 
to gonetical experiments as higher plants do ; the minuteness of the nuclei, 
their multiplicity, etc. are all against it. It is not improbable, however, 
that some of the saltations are due to real change in chromosome and 
other characters. Much light will be thrown on the problem if fungi 
with larger nuclei are induced to saltate and the parent and the saltant 
strains genetically studied. 
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Saltation in Fusarium and the species-concept. 

J. H. Mitteb, Allahabad.—During a study of some species of 
Fusarium iucluded in the section Discolor it was found that in several 
instances the differences existing between the saltants derived from a 
given parent wore greater than those which separate one variety from 
another of the same species, and even one species from another. Even 
the criteria used for the sectional grouping of the species, e.g,, spore 
shape, substratal colouring, chlamydospores and their disposition, and 
formation of microconidia, are found to be entirely unsatisfactory. Thus, 
saltant Cj 3 of F, culntorum belonging to the section Discolor produced 
spores characteristic of the section Elegam. Such a behaviour of the 
genus has greatly added to the confusion already created by the presence 
of a large number of species. 

There seems to be no truth in the baseless assertion that saltants are 
mostly due to artificial cultural processes. Sloeth has obtained evidence 
to show that they are also quite frequent in the soil. 

It has been held that saltation is mainly a nutritive phenomenon, and 
that almost all the saltants could be reverted back by proper selection of 
the medimu, especially by the use of a starchy medium. Rev'ersions 
no doubt have been observed, but in many cases a saltant. which has 
been cultivated for many generations on a starchy mediux^i, has remained 
true. Whether or not they revert back, the saltants show characters 
whicli transgress the limits at present laid down for the numerous species 
of Fusarium. 

The behaviour of saltants has been thought to seriously interfere 
with the taxonomy of the group, but most of the rlflUculties will be 
removed if we consider them to be nothing but manifestations of the vari¬ 
ability of the organisms, and if we agree to discard our preconceived 
notions regarding a fixed ‘type’ species of the genus Fusarium. This 
point of view has been ably expressed by Leonian according lo whom a 
given species is not an absolute entity, permanently and definitely estab¬ 
lished in the scheme of things, but a fluctuating group of organisms more 
or less loosely bound in a flexible orbit. The study of saltants has 
repeatedly shown that wo liave to enlarge considerably our concep¬ 
tion of a species in the genus Fusar ium,. 

H. Chaudhtjui, Lahore.—True mutation is very rare in fungi, but 
changes to ne^ ■ forms in culture in the laboratory are very common. 
Those sudden changes, appearing in the form of sectors in petri dish cultures, 
have been known as saltations. Saltants have in many cases been described 
as growing true as new forms, but it has been found that they grow as true 
now forms only in a particular modimn or media; for all or most of these so- 
called saltants some medium or other could always bo found, by growing 
in which the saltant could be reverted to its original form. Very few Sidtants 
are formed in nature. They mostly appear in laboratory cult ures, and it 
has been found that fungi have a greater tendency to saltate in synthetic 
solid media (e.g., Richards’) and that in starch mc-dia very few saltants are 
formed; also that saltants formed in a synthetic medium could be made 
to revert to their original forms by either ctdtivating them in starch 
media for a few generations or by growing them on their original ho.st8. 
Saltation in fungi is considered to he a nutritive phenomenon imless it 
be a rare case of true mutation. 

9. Some studies on the leaf spot disease of wheat caused by 
Septoria tritici Desm. 

J. C. Ltjthba, Abdus Sattar, and Abdul Ghani, Lyallpur 

(Punjab). 

* 

This leaf spot disease, which has been found to be very common 
in many districts of the Punjab, has been found to be caused by a fungus 
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known as Septoria tritioi Desm. A detailed morphological d^oription has 
been given, and the influence of the various environmental factors such as 
rainfall, temperature, and wind on the incidence and development of the 
disease has been studied. The infection has also been recorded for the 
flrst time as attacking the gliunes and awns of the wheat plant besides its 
leaves ; this indicates that the fungus might attack the grain also through 
the glumes and the affected grain might carry the fungus. 

Methods of perpetuation of the disease on leaves of wheat-straw 
and its possible control measures have been described and suggested. 
Of the tluee species of wheat found in the Punjab, Durum types have been 
found to be immune. 


10. On the cultural behaviour of a species of RoseUinia. 

S. N. Das Gupta, Lucknow. 

A cultured study in connection with the development of perithecium 
of a species of BoselUnia obtained from apple orchard air of the East 
Mailing Experimental Station (England) has been made. It has been 
found that profuse production of perithecium occurs in the plain agar 
medium but in Brown’s synthetic medium the fxmgus fails to produce 
any perithecium. 

With a view to ascertaining the inhibitory influence of the chemical 
or chemicals present in Brown’s synthetic medium on the production 
of perithecium in this RoseUinia, a series of media was prepared by adding 
K 3 PO 4 , MgSO^, asparagin, glucose, starch, etc. separately to the plain 
agar and in various combinations in the same proportion as in the standard 
Brown’s medium, and the media were inoculated with RoseUinia. 

It was found that agar containing only K 8 PO 4 or only asparagin 
when inoculated with the fungus does not i^ibit the formation of peri- 
thecium, neither does the inhibition occur in the medium such as agar 
-|-MgS 04 or agar-fMgS 04 -fK 8 PO 4 or agar-|-MgS 04 H-asparagin. But 
when K 8 PO 4 and asparagin are both present in the medium (agar 
-fKaP 04 4 -asparagin) perithecium fails to develop. On addition of 
MgS 04 to the last named medium, a tendency towards the formation 
of perithecium becomes apparent. This tendency disappears altogether 
on addition of glucose and starch, the rest of the constituents of Brown’s 
medium. 


11. Notes on the fungi of Lucknow, (i) On the perithecial 
stage of Sphaerostilbc. bambume Pat. on Bambuaa indica. 

R. S. Mathur, Lucknow. 

Sphaerostilbe banibutae is commonly known in its conidial form as 
Slilbum bambusae Pat. et Gail, and during June and July, when the summer 
monsoon just breaks in the United Provinces of Agra and Oudh, thick 
forests of minute nail-shaped, orange-coloured, conidial fructifications 
appear on Bamboo culms. 

The perithecial stage of this fungus, which was so far unknown, 
has been lately discovered at Lucknow and neighbouring places. The 
present paper deals with the morphology of this perfect sts^ of Sphce- 
rottUbi l^mbuaae in some detail. In the middle of September when these 
conidial stalks begin to shrivel up, minute pinkish or sometimes orange- 
coloured peritheoia appear on thick stromata giving a woolly api>earaace. 
These are 200-300 p in diameter. Asci are 50-60 p x 6-8 p broad; as- 
cospores bicelled, hyedine, 14-15 v 4-5 p. 
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12. Notes on the fungus flora of Lansdowne (Garhwal district, 

North-West Tfimalayas). 

R. S. Mathur, Lucknow. 

During June and July, 1932, Professor B. Sahni made a collection 
of Fungi at Lansdowne. He very kindly placed the whole collection 
at the author’s disposal. In all ten forms have lieen described, of which 
Microihyrium cedrii, Scleroderma Sahnii, and Sirothecium viaci happen 
to be new species. 

The presence of oogonia-like structures in Dimeroaporium. Longloiaii 
E and E on the pinnae of Oycas revoluta has been observed. Cultural 
study of the fxmgus is in progress to establish the connection of this stage 
in its life history. 

A now name ErUyhma aelaginaU(B has been suggested to the smut 
occurring on the two Indian species of Selaginella, namely S. chryaor- 
rhizoa, and S. chryaocauloa. 

The smut was first observed by Mr. T. C. N. Singh on S. chryaocauloa, 
who suspected it to be an Entylomaa, but did not come to any finality 
in its identification. Recently, however, Dr. P Maheshwari and Mr. 
V. Puri have noticed in this smut greater resemblances to Melanotaenium 
sp. 

The writer, however, had tho privilege of examining several Indian 
species of Enlyloma at the Mycological Herbarium, Pusa, and is inclined 
to think it definitely to be an Entyloma sp., and to avoid further confusion 
about the identification of the fungus suggests the new name Entyloma 
aelaginellae. 

All the identifications wore carried out by the writer with the kind 
help of the authorities of the Imperial Institute of Agriculture Research, 
Pusa, and much of the information collected by him there, was later on 
confirmed by Dr. E. J. Butler of the Imperial Mycological Institute, 
Kew, Surrey. 

13. Indian water moulds.—Part II. 

H. Chaudhtjei and S. Singh, Ijahore. 

Some more new water moulds are described, and the behaviour in 
culture of some of tho water moulds is described in detail. 

14. A disease of the pomegranate trees in Lahore caused by 

Phoma sp. 

Dalip Singh, Lahore. 

This disease was noticed in a pomegranate orchard in Shahdara, 
near Lahore. The symptoms of the disease have been described, and the 
life-history of the causal organism has been studied. Inoculation experi¬ 
ments have been done to prove its pathogenicity, and the cultural charac¬ 
teristics in various media have been given. 

LICHEN. 

15. On a rare lichen from Lansdowne. 

R. S. Mathur, Lucknow. 

Among the many specimens which Prof. B. Sahni collected from 
L^msdowne in June and July of 1932, and placed at the writer’s disposal, 
was also a tube containing a Calicium sp. 

19 
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Tho specimen seemed for all purposes a Discomycete, but on closer 
examination revealed the presence of Pleurococcus cells inside the stalk. 
This confirmed its being a lichen, belonging to the primitive group of 
Oonioearpineae among the Ascolichens. 

This primitive group of lichens, whose membera are recorded in fair 
abundance from European localities on the community of oak-hazel woods, 
is still obscure in India. 

Only Tylophoron moderaium of the family Cypheliaceae has been 
recorded by Mr. G. L. Chopra of Lahore, and a more thorough search 
may reveal the presence of some more new forms of these little known 
lichens in the Kumaon Hills. 

This Indian species of Calicium, however, agrees in general characters 
with 0. quercinutn Pere., but the size of the asci and ascospores is nearly 
double. It also resembles C. curtum in the size of its ascospores, etc. 
The writer thinks it to be a new variety of C. quercinutn. 

BRYOPHYTES. 

16. The present position of Indian hepaticology. 

S. K. PANDi;, Lucknow. 

In this paper the author gives a critical review of the literature on 
Indian liverworts from the time of William Griffith (1835) to the present 
day. Certain important problems, such as the distribution of liverworts 
in the Western Himalayas, are also discussed. 

ANGIOSPERMS. 1. MORPHOLOGY. 

DISCUSSION ON ‘STANDARDIZATION OP THE 
VERNACULAR NAMES OF INDIAN PLANTS ’. 

M. Sayeedfddin, Hyderabad (Deccan), opened the discussion. 

M. Sayeeduddin. —The late Dr. Mukorji drew tho attention of the 
Botany Section of the Indian Science Congress held at Bangalore in 1932, 
towards the standardization of the vernacular nomenclature of Indian 
medicinal plants. He restricted himself to a limited field, that is the 
nomenclature of the medicinal plants only. The object of this note is to 
point out the hopelessness in wliieh the nomenclature of all our plants is, 
and to draw the attention of the members of the Botany Section of the 
Science Congress towards taking early steps to appoint a committee of 
experts consisting of systematic botanists, horticulturists, pharmacologists 
and linguists to endeavour to assign only one name to each plant by which 
alone it will be known throughout the length and breadth of India. 

It was resolved in the section that Mr. Sayeeduddin should start 
compiling the vernacular names of Hyderabad (Deccan), and that each 
province should have a comnuttoe of its own to compile a list of local 
vernacular names. 

•a 

17. Vegetation in and around the lioyd Botanic Garden, 

Darjeeling. 


K. Biswas, Ckloutta. 

The town of Darjeeling is what may be cidled the kill territory of 
BfitiBh Sikkim. Situated at an elevation of about 6,000 to 8,000 ft, it 
leprwents a portion of ‘ tiie temperate zone of S ikki m ’. The rain¬ 
fall and dimatic conditions ore very favourable to tho growth of 
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plants. Hence within the range of a small compass one meets with a rich 
collection of species characteristic of the Sikkim Himalayas. Although 
human interference has considerably checked the indigenous species from 
having their full play, yet the number of species and their quantity are 
sufficient to make an impression of some of the characteristio plants 
of the Eastern Himalayas. Ehodendrons, magnolias and primulas are 
the pride of these hills. The Lloyd Botanic QaMen, Darjeeling, forms a 
store-house of some of the alpine plants which have been acclimatised. 
Within a small area of 46 acres of land attempts have been made to 
exhibit some of the foreign temperate species, also maintaining as far as 
possible the artistic style of landscape gardening. The rich stock of 
Conifers of this garden forms an important feature. Different types of 
vegetation will be illustrated, 

18. Commbn plants of Northern Sikkim. 

K, Biswas and Mbs. H. P. V. Townend, Calcutta. 

The collection of Sikkim plants dates as far back as 1837-1838, when 
Capt. R. B. Pemberton visited Bhutan; and his collection was subsequently 
reported by Dr. W. Griffith, of monumental fame. To this collection 
has been a<ided in May, 1935. a collection of 2,500 plants by Mrs. Townend 
and Babu H. P. Naskor of the Calcutta Herbarium. The different succes¬ 
sions of vegetation noticed may roughly be divided into three altitudinal 
zones. The first range of vegetation is of the deep valley of the Teesta 
at elevations varying from 2,150 ft. at Dikehu to 6,360 ft. at Chungthang, 
and is of the usual type of sub-tropical Eastern Himalayan species. The 
next range is from Chungthang to Thangu, 12,800 ft. The march through 
this part gives an impression of a typical garden of the most interesting 
temperate flowers of the Eastern Himalayas. There is no marked 
change in the composition of the herbaceous association till a few 
miles short of Lachen is reached at a height of 8,800 feet. The 
real rhododendron and primula country, however, is reached some 
miles beyond Lachen. Here lovely tangerine coloured Rhododendron 
Roylii are plentiful. This species is gradually replaced by the different 
shades of mauve and sulphur coloured rhododendrons higher up the 
wide valley e.-tending to Thangu. In the open ground in between, 
groups of primulas with their different shades of colour of flowers formed 
artistic patches here and there. The sapphire blue Meconopsis simpH- 
cifolia, and the well-known medicinal plant Podophyllum emoldi adorned 
the glades between the trees and bushes. Spreading over the rocks 
at the edge of the river, a gay purplish pink tamarisk forms a marvellous 
background to the landscape. The liighost range of vegetation visited 
was between 13,000 to 18,000 ft. On this highhind little but compact 
flat cushions of dwarf primulas and meconopsis predominate. The 
alpine meadows beyond Donky La above an elevation of 15,000 ft., near 
Mome Samdong, are covered with such characteristic plants as Mandragora 
caulescena, ranunculas, saxifragas, primulas, meconopsis, gentians, and 
chunps of taller white Caasipape seJaginoides, and the remarkable species 
of Rhododendron aetoaum and R, anthopogon spreading over a consider¬ 
able area. 

19. A preliminary survey of the vegetation of Mulug, Waran- 

gal district, Hyderabad, Deccan. 

M. Saybbdttddin and M. A. Salam, Hyderabad, Deccan. 

The flora of H.E.H. The Nizam’s Dominions is being worked out 
district by district. At present attention is directed towa^ the vege¬ 
tation of Mulug—a talukha of IVarangal district. It is a Government 
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Forest Reserve and presents the full Itixuriance of tropical vegetation. 
For the major part the soil is ‘ regar ’ (black cotton soil), with patches 
of red soil for short distances. In the paper, details of plants under 
cultivation and those of the wild or naturcmzed plants are given. 

Altogether seventy plants belonging to thirty-eight different families 
are recorded. There is yet a lot of collected material which is to be 
identified. 

20. Some genetical observation on Hibiscus rosa-sinensis, Linn. 

P. N. Maztjmdab,. Dacca. 

The setting of seeds in Hibiaeua roaa-ainenais, Linn, has been attracting 
the notice of botanists for some time past. Prof. G. P. Mazumdar observed 
it for the first time in 1932, and since then he has been observing it every 
year. Prof. Kundu reported its occurrence from Rajshahi in 1934, Misra in 
1931 reported the perfectly normal development of oinbryosac with normal 
egg-apparatus, though Prof. Tewary and Salim Ali reported it to bo other¬ 
wise in 1933. 

In the present paper the author not only collected the perfectly 
developed seeds, but grew as many as 19 well-developed plants in genera- 
tiong w'hich are producing a large number of flowers. Parental characters 
have been combined or split up in this generation both in vegetative 
and reproductive organs. Entirely new characters have also been ob¬ 
served. The author is trying to collect seeds from gonerationg to get 
generations. 

21. A preliminary account of the vegetation of the Garo 

Hills. 

T. D. Seinivasan, Calcutta. 

This paper presents a short account of the vegetation of a portion of 
the Garo Hills round about and above Tura, which is situated on a small 
plateau near the base of the Tura hill, which forms the main range of 
the Garo hills. 

The Garo hills, forming the western extremity of the Khasia and 
Jainta chain, consist mainly of low hills running roughly north to south, 
with the two principal ranges, the Tura and Arbela, running in a south¬ 
easterly direction. 

The zonal variation in the vegetation on the sides of the hills leading 
up to Tura and above up to about 4,000 ft. is dealt with. The general 
nature of the vegetation may be said to be a mixture of the open deci¬ 
duous forest at lower altitude, and evergreen types at higher elevations 
and in the valleys. The Garo hills, though forming the western part 
of the Khasi range (where the rainfall is comparatively high), do not 
receive as much rainfall, being outside the effective zone where both the 
monsoons meet. This has an influence on the natiue of the vegetation. 

A systematic enumeration of the plants collected, with notes and 
observations, completes the paper. 

22. Extra-floral nectaries in Tecoma capensia. 

P. Paeua and K. S^al, Cuttack. 

The distribution, structure and development of the extra-floral 
nectaries and glandular hears in Teooma capenaia have been studied. 
Their structure agrees in all essentials with those in other members of 
Bignoniaoeae as studied by various authors. In distribution, however, 
Teooma capenaia differs from Spaihodia in the fact that nectaries are found 
in its petiole, w)ule they are absent from the ovary. 
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23. Observations on the structure of the seed of Ipomaea 

peacaprae, D. (I. bilob Forst.), and its germination. 

N. K. Tewary, Benares. 

The seeds were collected last year at Puri. They could be success¬ 
fully germinated last July at Benares. The seeds possess a very resis¬ 
tant testa, which is permeable to water with very great difficulty. The 
seeds, therefore, ordinarily germinate very slowly and with great difficulty. 
The germination can be hastened by removing a part of the testa arti¬ 
ficially. These observations give an account of the structure of the seed 
and the process of germination. 

24. On the proliferations of rose and other flowe’'s. 

B. C. Kundxt, Rajshahi. 

The modified nature of the flower has often boon explained i)y the 
occasional proliferations on the flowers of rose. The writer has collected 
two roses with one and two proliferations respectively on them. Tn 
the first ca.se the main axis has continued to grow and develop another 
flower when the first one has withered. In the second ca.se the two 
proliferations (two flow-ers) have taken their origin in the axial r»*gion 
of the floral leaves. 

On a Avithered capitulum of Calendula sp. the writer has observed 
as many as fovur proliferous capitulums. All of them have developed 
directly from the flat rachis. 

25. Monstrosity due to regeneration. 

H. K. Bhattactiarya, Mymensingh. 

Furcroea gigantea produces innumerable flowers (^n a pole-lilie 
scape similar to the well-known plant Agave cantata. These flowers 
are ultimately converted into viviparous bAilbils which produce small 
roots and lea.es and falling to the ground grow into plants. These 
bulbils generally require six years for their matiwity to produce flower- 
scape. Once the upper part of a fully developed flower-scape of this 
plant was severed, some monstrous bulbils were found to grow on the 
stock. They became very prominent on account of their unusual capacity 
for producing a flower-scape even in that early stage of their life. Both a 
bulbil and a flower-bud arose on their scapes, side by side, within the 
axil of every small bract. The bulbils wore cotnparatively weak, while 
the flower-buds produced well developed flowers, but viviparous bulbils 
were 'not produced from them. The plastic material supplied by the 
mother pWt is solely responsible for the early growth of the flower- 
■capes. 


ANGIOSPERMS. 2. CYTOLOGY. 

26. Significance of chromatic bodies in Oamunda javanicUf Bl. 

P. 0. Saebadhikary, Colombo. 

The view that chromosomes have a permanent individuality, which 
is maintained throughout from one cell generation to another, may 
be established by the presence of chromatic bodies in resting interkinetal 
miclei of Osmunda javamea Bl. The chromatic bodies of the resting 
stage are identical with the chromosomes of the preceding telophase, 
llie fine ohromatio precipitate gradually recondenses to form chromatic 
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beads and these concentrate into fewer and fewer ohromatio bodies as 
the more definite resting stage is approached. From the sequence of 
events and from comparative analogies it is considered that definite 
aggregations of chromatin which are visible in some resting nuclei are 
merely the expression of chromatic concentration. 


27. The development of the endospermal haustoria in 
Ruaadia jmcea Zncc. 

C. V. Kbishna Iyengar, Bangalore. 

Massive integument and reduced nucellus are met with in this plant. 
Tapetum composed of small cells develops from the innermost layer of 
the integument and surroimds the tapering end of the embryosac. The 
two transverse divisions of the primary endospermal nucleus are followwi 
by a wall-formation resulting in a row of three cells; of these the middle 
one gives rise to the endosperm later on. The cell towards the micropylar 
end by further divisions gives rise to four uninucleate simple and un¬ 
branched micropylar haustoria. Tho cell towards the chalaza by a 
longitudinal division gives rise to two simple and unbranched uninucleate 
haustoria, which later on fuse together resulting in a single binucleate 
('halazal hatjstorium. Development of the embryo does not reveal 
any peculiarity deserving mention. 


28. On the embryosac and embryo-development of Holoptelea 
integrifoUa Planch. 

N. K. Tiwaey, Benares. 

This note records the author’s observations on the development 
of the embryosac and embryo. In concluding, a few remarks are offered 
on the systematic position of the plant. 


29. Studies on the life-history of Platystemma violoides Wall. 
Part I. Observations on the germination of Platystemma 
violoides Wall. 

N. K. Tiwaey, Benares. 

PlatysUmma is a monotypic Himalayan genus of the Qesneriacese, 
whose life-history is completely unworked. This note records the author’s 
observations on the seedlings of this plant, and offers interpretations 
of certain obscure but interesting points about its morphology. 


30. Studies on the life-history of Platystemma vidoides Wall. 
Part II. On the embryosac and embryo of Platystemma 
violoides Wall. 

N. K. Tiwaey, Benares. 

This paper records the author’s studies on the embryosac develop¬ 
ment and embryo in this spedes. It is shown that the development 
and structure of the embryo^, on the whole, conforms to that described 
for other plants of this family. Notice is taken of certain interesting 
points in the development of ^e embryo. 
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31. Comparative studies in the embryogeny of the Convol- 
vulaceBB—11. 

N. K. Tiwaby and V. Sitaram Eao, Benares. 

(а) The embryo development of Evolvulue cUainoidea Linn.— 

The development in this species is more or less normal, with a 
long suspensor at the end of which the embryo is differentiated. 
It is compared with the development of E. nummularia 
described by one of the aiithors last year, and attention 
is drawn to some important differences. 

(б) The embryo development of Ipomaea pea-tigridis Linn.— 

The peculiarity here consists in the development of a large micropylar 
haustorium, the suspensor itself being relatively very short. 

(c) The embryo development of Ipomaea hederacea Jacq.— 

In this species a large haustorial development is present. The 
Imustorial growth is very long atid pushes the embryonal end 
into the embryosac. 

(d) The embiyo development of Merremia emarginata Hallier f.— 

In this species also the embryo development is initiated by the 
development of a micropylar haustorium. The suspensor 
is generally absent, its position being occupied by the haus¬ 
torial mass of cells. 


32. A contribution to the life-history of Evolvulus nummularis. 

N. K. Tiwaey and V. Sitaram Rao, Benares. 

This study relates to the development of tlio malo and tho female 
gametophytes of the plant, and to fertilisation. There is a normal 8- 
nucleate embryosac developed from the chalazal megaspore of a linear 
tetrad. It is very long and narrow. The antipodals aro small and short¬ 
lived. The egg produces a boak-like process prior to fertilisation. Mi¬ 
crospores art formed by furrowing. In earlier stages tho gemini are ring- 
shaped, usually with two knots. The haploid number is twelve. 

33. Somatic cell-division in the root-tips of Pinus Oerardiana. 

N. K. Tiwary and V. Sitaram Rao, Benares. 

The resting nucleus is either spherical or elongated with a number 
of nudeoli. The reticulum is coarse and very irregular. In the prophase 
it gbts broken up in certain regions, and simultaneously with this conden¬ 
sation and thickening of the chromatic material takes place. At tho 
beginning of the metaphase a distinct longitudinal split is found in the 
cl^mosomes, which are numerous and long. The attachment of the 
spindle-fibres is in the middle of the chromosomes. Some of the chro¬ 
mosomes have got one or two constructions which do not coincide with 
the point of attachment of the spindle fibres. The spindle is bipolar. 

34. A contribution to the morphology of Antigmm leptopm 

Hook, and Am. 

V. Sitaram Rao, Benares. 

The number 6! primary archesporial cells is variable, ranging between 
1 and 5 , Only one pursues its fur^r development. 



296 


Section IV, Botany, 


( 16 ) 


A linear terrad ie formed, and the innermost raegaspore functions, 
developing into a normal S-nucleate embryosac. Each synergid is capped 
by a filiform apparatus. The diploid chromosome number is 48. The 
mature pollen grain contains a tube-nucleus and a generative nucleus. 

35. The embryosan of Maerm arenaria Forsk. 

V. SiTARAM Rao, Benares. 

The primary archesporial is hypodermal. A parietal tissue is deve¬ 
loped. A linear tetrad is formed, the innermost megaspore functioning. 
The synergids ore long and narrow, and are capped by a filiform apparatus. 
The antipodals are large and occupy the lower half of the sac. 

ANGIOSPERMS. 3. ANATOMY. 

DISCUSSION ON ‘ THE IMPORTANCE OF ANATOMY 

IN TAXONOMY’. 

P. Maheswart, Agra, opened the discussion. 

Dr. P. Maheshwari opened tho discussion by first considering the 
methods whereby phylogenies are determined. Among these i-he study 
of fossils comes first, but from tho exigencies of fossilisation it is apparent 
that tho fossil record can never be complete and wo have therefore to 
turn to other sources for much valuable information. 

With tho rise of cytology, embryology, serology and anatomy there has 
now become available a mass of ('vidence that was hitherto undreamt of. 
That tho taxonomist does not readily accept this evidonco is because 
he is conservative by nature and has a disinclination to familiarise himself 
with a new and more laborious field. No future classification could, 
however, bo regarded as worthy of serious consideration unless it took 
the whole plant into account and not merely a part there<if. 

A few instances were then cited to juove the \’ahio of anatomy in 
phyletic considerations. Some aiiatomists have been impressed by one 
region of tho plant and others by an entirely diffei ent one. Thus Sinnott 
attaches particular significance to the node, Mrs. Arbor to tho loaf. Miss 
Sargant and some others to the seedling. Miss Saunders and Prof, Eamos 
to the vascular supply of the carpel, Jeffrey to the first annual ring and 
the tissues produced in response to w'ound stimuli. Record to wood, Florin 
to epidermis and stomata, Netolitzky to the seed and Wodehouso to the 
pollen grains. Criteria of phyletic value really exist in every part of 
the plant and it is all a question of acquiring familiarity with the organ 
in question and one may then become a wood-enthusiast or epidermis- 
enthusiast or any other enthusiast. 

Pi-oceeding to the Centrospermales, with which the speaker had 
acquired special familiarity due to the work done by his post-graduate 
students, it was pointed out that the recent classification of Hutchinson 
was unsatisfactory, since it ignored the anatomical peculiarities found 
in membex« of this group. It was suggested that this may be split into 
two orders: Chenopoditdes (Chenopodiacea', Amaranthaeeaa, Phytolacca- 
ceas, Nyctaginacese, Aizoacesp, Cactacese) and CaryophylMes (Portulaca- 
ceae, Basellacese, Caryophyllacese), of which tho former is to be regarded 
as the more primitive of the two. It was argued that this arrangement 
would satisfy the known facts of anatomy as well as floral morphology, 

Fmally the speaker called attention "to the lack of sympathy now 
evinced towards anatomy and the attempt to replace it with other branches 
of Botany. That anatomy will always remain a valuable means of check¬ 
ing relationship is certain. What is needed at present is a master mindl, 
who can visualise the entire evidence and utilise all of it instead of being 
hjTpnotised by just one organ (like the flower) and treat it as independent 
of the others. 
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K. M. Gupta, Luoknow.—^The idea of anatomical structures as 
an aid to systematic Botany is very old. As for instance one of the first 
distinctions between the monocotyledons and the dicotyledons is based on 
the anatomy of the wood of the stem. Martins included the nature of 
the wood in his diagnosis of the Coniferese. In 1910 Merkel emphasized 
the importance of the anatomy in perfecting the natural system of classi¬ 
fication. In 1876 Radlkofer after the publication of his monograph 
on Serjania, a Sapindaceous genus, convincingly showed not only the 
possibility but a necessity of the anatomical features to bo adopted as 
one of the most important criieria in natural classification. In 1898 
Dr. Hans Solorodor brought out his monumental work on the Systematic 
Anatomy of the Dicotyledons in two volumes. This work provides 
ail inexhaustible store of information for every one interested in any 
phase of the subject. However, the work has to be extended in the light 
of recent progress with detailed descriptions together w'th accurate and 
suitable illustrations. More recently persons like Profs. Record, Bailey 
and Jeffrey have emphasized the importance of the wood anatomy in 
classification. Prof. Chalk of Oxford at the recent meeting of the Sixth 
International Botanical Congress at Amsterdam during Sept. 193.T in- 
dicaiod the phylogenetic value of certain anatomical features such as 
scalanform pits, perforation plates, fibre tracheids and diffiisn parenchyma 
iu dicotyledonous woods, pointing out the practical application in the 
Rympotalepc. (Proc. vol. 2, pp, 121-122.) Enough imjiortanee, however, 
is now being given to the ray structnres. Ray structures are sometimes 
extremely useful in distinguishing the woods of a small related group 
of plants like the Homoxylous Angiospcirms. This may also help in 
deeiplioriug the afllnities of the relateil fossil woods. (Gupta 1934, Jour. 
Ind. Bolr. Soc., Vol. 13, pp. 71-101). 

From the systematic point of view the work of a Pala'obofanist 
on the anatomy of Ibc Prirnitivt' Angiosporms like llio Magnoliacea? 
(Lcmeolo 1933, Gupta 1934) and the fossil woods from the Jurassic and 
Tertiary times (Salmi 1932, Mathiesen 1932, Gupta 1936) is of eonsidernble 
importaijco. It not only decides tho taxonomic posit ioTi of the investigated 
plants themselves, but. it. also throws a consiilerablo light on the origin 
of thi> flora as a whole. Thus iiidicatuig the iinportanee of wood anatomy 
as an aid to Systematic Botany, I may quote Profs. Wielaud and Record 
as follows:— Wo are sure that while a })ettier balanced iiiulerstanding 
of wood structure present and past may never be found as directly usable 
in classification as floral features, any appeal to thti one set of evidence 
without the other is no longer thinkable ’. ‘ All we ask of tho Taxonomists 

is a sympathetic attitud(>i, as ovitlenced by a willingiioss to seek in their 
own field for a different basis of classification, one that, will take the whole 
plant into oonsidoration. In solving our proVjlem they will merely be 
solving their own ’. 

N. K. Tbwary, Benares, stressed microchemieal reactions (plant- 
chemistry) in connection with taxonomy as pointed out by Prof. Hans 
Molisch in his book ‘ Mierochemie dor Pflanzen’. 

G. P. Majumdab, Calcutta.—^'I’here is a general agreement amongst 
workers on plant anatomy that structural elements of the stem in vascular 
plants have more or less a definite taxonomic value. Families and genera 
can be defined on anatomical characteristics, but about the determination 
of species on anatomical groimds alone it is premature for mo to express 
any opinion. Then there is the question of the different members of tho 
pl^t: we have to fix the particular member whose anatomical structure 
should form the basis of our classification. The cecological influence 
should also be taken into consideration before ascribing any particular 
character a taxonomic value. I am, however, definitely of opinion that os 
a supplementary character in detennining genera and species, anatomical 
characteristics, particularly of cortex and vascular bundles, are of great 
value, and many controversial points in taxonomy may be settled with 
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their help. This, of course, includes such special anatomical features as 
the occurrence, distribution and characteristics of oystoliths and other 
structures. 

36. On tlie occurrence of four discrete extrastelar cauline 
vascular bundles in the stem of Nyctardhes arbor- 
triatis Linn. 

G. P. Majitmdab, Calcutta. 

The plants, at least the Bengal species, are characterised by the 
presence of four entirely separate and extrastelar cauline vascular bundles 
at the four comers of the young square stem. In the older rounder 
parts of the stem they appear as foxu* separate superficial chords running 
in slightly spiral lines along its entire length. 

These vascular bundles ai-e remarkable in the centripetal differen¬ 
tiation of their xylem vessels, whereas the stelar xylem is centrifugal 
as is usual in dicotyledonous stem. Tliis is the arrangement generally 
met with in the vascular Cryptogams. 

They are further characterised by the phloem being disposed towards 
the centre of the stenj—a rare phenomenon in the collateral type of 
vascular bundles in the Angiosperms. Rogxilar secondary growth also 
takes place in these bundles. 

A detailed investigation on the origin and development of these 
bundles has Ixson undertaken. 


37. The comparative anatomy of the roots of some Bengal 
Cucurbitaceous plants. 

B. C. Kundu, Rajshahi. 

The writer has been studying the root structures, both normal and 
adventitious, of some common Cucurbitaceous plants of Bengal, and the 
preliminary results of the investigation have been described in this paper. 

It has been found that normal and adventitious roots of the same 
S 7 jeci 6 B are not of the same type. Usually they are hetero-archic. The 
number of bimdles always varies in the different species. The arrange¬ 
ment and distribution of the primary and secondary tissties of the roots 
of different species have been described in detail. Anomalous secondary 
structures have been observed in some cases. 


38. Anatomical studies of the midribs of the leaves of Cucur- 
bitaceee from the taxonomic and phylogenetic stand¬ 
point. 

H. L. Chakravorty, Calcutta. 

Mr. A. Yasuda of Japan in 1904 while studying the leaves of some Japa¬ 
nese species has tliTOwn a flood of light on the importance of the anatomical 
peculiarities of the vascular bundles of the midrib of Cucurbitauiese from 
tlve taxonomic viewpoint. According to the number and nature of the 
arrangement of vascular bundles in the’ midrib from the proximal part 
of the leaf, he arranged the family into six groups. The author has 
examined 12 Indian species of Cucurbitaoese belonging to 8 genera, and has 
verified the results of Yasuda with notes where he did not agree with 
him. The author believes that the arrangement of vascular bundles 
in the midribs as suggested by Yasuda can conveniently be applied for 
taxonomic purposes. 
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From the standpoint of reduction of vascular bundles and their 
arrangement in the midrib in Cuciu*bitaceffi, it has become possible to 
draw a line of phylogenetic relationships Ijetween the different members 
of the family. 

39. The systematic anatomy of Bengal species of CucurbitacesB. 

P. N. Mazumdar and J. N. Mitra, Dacca. 

Prain describes in Bengal plants 35 species of Cucurbitacea) in 
Bengal. Attempts will be made by the authors in a series of papers to 
study the complete anatomy of the axis and the leaves of all these species. 

In t?\e present paper the authors have studied the characteristics 
of the stem of the following eleven species:— Triehosanthes dioea Roxb : 
TricJtoaanthes cucumerina Linn; Lagenaria vulgaris Ser; Luffa acutan- 
gula Roxb ; Benincam cerijera Savi; Momordica charant'a Linn; Momor- 
dica cochinchinenais Sprain; Cucumta mtivus Linn ; Citrvllus vulgaris 
Scrad; Chephalandra indica Naud ; Vucurbita pepo DC. 

The cortical and vascular characters have been closely studied. 
The cortex presents a variety of characters. Typical cortical characters 
with well marked hypodonnis consisting of parenchyma and collenchyma, 
and considerable layers of cortical panmchynia are found in the majority 
of cases. The cortex is, however, found to be very much reduced in some 
species, and extreme reduction of the cortex, the endodermis coitung 
just ])elow the epidermis at some places, has been observed in Momordica, 
Cucumis sativus and Lu ffa acutangula. 

In Momordica and Lu_ffa additional bundles consisting of phloem 
only with internal cambium have been observed. Isolated sieve tubes, 
both ectocyclic and entocylic types, have also been observed. 

PHYSIOLOGY AND ECOLOGY. 

40. The course of transpiration in some mc8opIiyte.s of 

—Part II. 

P. N. Mazumdar, Dacca. 

This is J. continuation of the author’s investigations in the daily 
and annual variation in the course of transpiration. ’J’he author this 
time selected the following species, viz. Gardenia fiorida Linn,; Mureya 
exotica Linn. ; Nerium odorum Soland ; Citrus ducamena Linn. 

In the case of Gardenia florida experiments were inado with two 
varieties, viz. one which flowers throughout the year, and the other with 
seasonal flowering only. Cut tw’igs were employed for the experiments. 

The variations in transpiration have teen correlated with variations 
in temperature and humidity and evaporation from the atmorneter. The 
timb of maximum and minimum transpiration in the days and year, and 
their variations in the same species, have teen noted. The difference in 
behaviour in the different species has been compared with interesting 
results. 

The regulations of the stomata have also been observed micros¬ 
copically and correlated with physical measurement. 

41. Variation in the course of transpiration in the presence 

of artificial light. 

P. N. Mazumdar, Dacca. 

In this paper of experimental Botany the author has observed the 
variations in the course of transpiration in the presence of artificial light, 
with interesting results in the following four species of plants ;— Hebiscus 
roaa-einenaia ; Izora coccinea ; Jaaminum aambae ; Vinca roaea. 
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Experiments were metde with cut twigs, and they were kept in dark¬ 
ness for some hours before they were exposed to the action of artificial 
light. Experiments were performed in the presence of different grades 
of electric lamps varying totween 3,000 to 100 candle power, and the 
loss of water determined quantitatively every two hours. 


42. Some transpiration experiments with the torsion balance. 
J. C. Sen Gupta, Calcutta. 

The method of taking weights of cut twigs and leaves after short 
intervals has been employed during the last few years for the determina¬ 
tion of transpiration, and is proving useful, specially for ecological inves¬ 
tigations. 

With a view to studying the transpiration of different groups of Ben¬ 
gal plants under natiural conditions, tho author has made some deter¬ 
minations of transpiration of some plants with the torsion balance 
specially modified for tho purpose by Huber (Balken Torsion Wage). 

An attempt has also been made to test the accuracy of tho method, 
and to find out the conditions under which it gives reliable results. 


43. The nature of the reserve food in seeds and their resistance 
to high temperature. 

P. Paeija avd P. Mallik, Calcutta. 

The effect of temperature on the viability of starchy and oily seeds 
has been studied. The seeds were exposed to 40°, 60°, 55"’ and 60°C for 
periods ranging from 12 hours to 120 hours. It has been found that: 

(i) oily seeds resist the injurious effect of high temperature much 
better than starchy ones, 

(ii) among tho oily seeds, the more the amount of oil in them, the 
higher tho temperature they resist, 

(iii) viability also depends on the thickness of the testa, the thicker 
they are, the more viable the seeds are in relation to temperature. This 
holds good in case of all seeds, both oily and starchy ones, 

(iv) mucilage coating on testa probably affects the percentage of 
germination after incubation, and 

(v) continued incubation decreases viability quickly at higher 
temperatures and slowly at lower ones. 


44. Some studies on the rate of transpiration of 4-F type 
of Punjab American cottons. 

J. C. Luthra and Sangat Singh, Lyallpur. 

Plants for these studies were grown in glazed porcelain potometers 
with soils containing 10%, 16%, 20% and 26% moisture respectively. 
Besides, some metallic potometers of galvanised iron were used, and soil 
with 20% moisture was filled in them. 

The rate of transpiration was compared with evaporation and 
maximum temperature. A high correlation between transpiration and 
these factors was found. 

With the increase of soil moisture, there is a definite increase in the 
total transpiration and in the leaf area. Transpiration rate is 30 per 
oent of evaporation rate during September, when maximum leaf develop¬ 
ment is attained, and 31 per cent during July, when evaporation is very 
high. 
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Nearly 2,076 tons of water are lost by transpiration from an acre 
of cotton crop during the period of growth. Total water applied to the 
crop is estimated at about 2,837 tons. 

Nearly one-third of the total water transpired by a cotton plant is 
lost in the month of September. 

Maximum transpiration occurs in the afternoon between 1 p.m. and 
3 P.M. 


45. Some ecological aspects of the Upper Gangetio flora. 

S. C. Vakma, Lucknow. 

Tlw climate of the Upper Gnngotic plain is continental and due to 
monsoonic conditions the year is divided into three seasons viz., (I) the 
rainy season from the end of Juno to tlio end of October, (II) the winter 
season fnnn November to February, and (III) the summer season from 
March to the end of Juno. 

The rainy season had 94*8 per cent, of the annual rainfall, and owing 
to favourable climatic and edaphic conditions, the tropical luxuriance 
of the flora was prominent. In a nudro quadrat 509 plants (exclusive 
of grasses), the largest number of the year, were recorded during this 
season. 

Jjower teniperature and dry winds were characteristic of the winter 
season, and the tropical plants were gradually superseded by temperate 
ones. The numl')er of plants per metre quadrat gradually decreased to 
366 in December and 82 in February. There was great range between 
maximum and minimum temperatures, which resulted in the precipitation 
of copious dew, and this to some extent compensated for the absence of 
rain during tlio season. The amount of water contained in the surface 
layers of the soil showed a gradual decline. 

There was intense drought during the summer and all plants excepting 
xerophytes and trees wore dried up. The leaves of most of the deciduous 
trees fell off at the beginning of summer. The new leaves appeared at 
the height of summer and it seems very unlikely that the leaf-fall helps 
the trees to tide over the drought period. 

The plants of these localities are most conveniently classified into 
synusia (Gans). According to Dudgeon the present vegetation is in 
the dry meadow stage and would develop into a deciduous monsoon forest 
if left imdisturbed by man. Man for his economic needs controls the 
surroimding vegetation, and there is hardly any hope for the vegetation 
to reach its climatic climax so long as man lives in that locality. The 
vegetation of a locality modified by the presence of man, and which has 
attained stable equilibrium, may be termed a Biotic Climax. 

4({. On the nature of competition between plants in the early 
phases of their development. 

S. 0. Varma, Lucknow. 

In biology the term competition implies struggle between two living 
organisms for a limited supply of the necessaries of life. It is of extreme 
importance among plants. 

The competition is severest at the seedling stage, and it almost 
ceases between adult plants. There is minimum competition when 
identical individuals are competing. The severity of competition between 
individuals making identical demands increases with the increasing 
difference of their biological equipment, but only to a certain stage. 
After this stage is reached the severity again decreases as the competing 
plants begin to occupy different soil and air regions. In a climax plant- 
community the competition is reduced to a minimum. 
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The living and also the decaying roots of plants probably produce 
toxins in the soil, which affect more adversely the growth of another 
species than the one producing them. The toxins from different plemts 
probably vary both in their chemical and physical properties and in 
their manner of production. The toxins may, therefore, be acting as a 
weapon useful to a plant to depress the vigour of its competitors. 

The structural and physiological response of the plants to the toxins 
appears to show that the toxins probably operate by retarding the root 
development, and by disturbing the normal intake of water and salts by 
them. 

The resources of plants are more severely taxed when they are 
growing in mixed than in pure cultures, and in response they develop 
devices with which they either evade or overcome the adverse effects of 
competition. There is stringent selection at the seedling stage of the 
fittest and the elimination of the unfit. There is no paradise for plants. 

If plants in competition be supposed to produce genotypical response, 
then competition may be a contributory cause to the production of new 
species. 

47. Chlorophyll content and assimilating capacity of (1) the 

immature seeds of Crofcdaria juncea Linn., and of (2) 
Cmcuta reflexa Roxb., parasitic on Duranta plumieri 
Jacq. 

P. Pabija and K. Samal, Cuttack. 

(1) Green pigment is found in the embryo of Crotolaria juncea from 
its early differentiation. The cotyledons, plumule, radicle and even 
the hole of the susponsor look quite green. The amount of chlorophyll 
gradually decreases as the embryo matures, and the fully mature seeds 
contain no chlorophyll. Using Schertz’s method with slight modifica¬ 
tions, chlorophyll was estimated colorimetrically in comparison with 
Gutherie’s chemical standard. Half-matured embryos (testa taken off) 
contain 0-061% of chlorophyll (a and ^ combined) on the basis of fresh 
weight. The relation of chlorophyll a to chlorophyll )3 at this stage 
of maturity is nearly 2:1. The spectrum of the chlorophyll a and chlo¬ 
rophyll j3 together show absorption bands similar to those of the chlo¬ 
rophyll extracted from the leaves of the same plant. Two dark absorption 
bands in the red-region of the spectrum are quite clear. The photo- 
83 rnthetic capacity of these green embryos was measured ; 12-6 gms. of 
the half matured seeds assimilated 7-6 c.c. of COg during 3 hours of a 
bright sunny day in the month of August when the temperature was 
SUP. The assimilation number was found to be 1-5, which indicates 
comparatively low efficiency. 

(2) The chlorophyll content of Cascuta reflexa^ as well as its assimi¬ 
lating capacity, has been determined by the same methods. It is found 
that: 

(а) it contains 0-0036% of chlorophyll on the basis of fresh weight, 

(б) the ratio between chlorophyll a and chlorophyll j3 is 3 : 1, 

(c) 50 grna. of fresh cascuta assimilate 10-7 c.c. (N.T.P.) of CO 2 at 
3 PC on a bright sunny day; its assimilation number is 3. 

48. The relation between the water content and the ger¬ 

minating capacity of the seeds of Phaaeolm mungo 
Linn, Var. Roadmrghii Prain. 

P. Pabua and K. Samal, Cuttack. 

Seeds of PhaaeoVus mmgo Linn, Var., RoiAurghii Praia, roughly 
selected by the uniformity of ^e and colour, were dried at the ordinary 
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temperature by sucking a current of air made dry by passing it through 
cone. H 8 SO 4 and fused •CaCl 2 . 

Seeds in lots were taken out at intervals, and one half of the lot was 
used for finding out the water content and the other germinated in com¬ 
parison with ordinary air dried seeds as control. 

The ordintuty air dried seeds contain 11'6% of water. Up to date 
the drying has gone so far as to reduce this percintage to 4’7. 

It has been found that with the progress of drying, 

( 1 ) the cotyledons are the first to be affected, as they show prf»- 

gressive browning which makes its first appearance when 
the seeds contain 7'63% of water ; 

( 2 ) the percentage of germination gradually falls, thus ll‘67"o< 

100; 8-93%, 98; 8-07%, 96; 7-63%, 94; 7-38%, 90: 
6-92%, 90; 6-63%, 88 ; 6*1%, 78; 4-8%, 75; 4-7%, 74; 

(3) the less the water content of the seeds, the thinner and shorter 

are the seedlings raised from them; 

(4) dry weights of the seedlings from normal air-dry seeds and 

from seeds at various stages of drying have been determined 
at a definite age of the seedling. The ratio of the dry 
weight to the fresh weight of the seedlings increases as the 
percentage of water falls in the seeds; 

( 6 ) the deficiency is probably duo to the lessening of available 
food in the cotyledons, because the seedlings make up in 
the ratio between fresh and dry weight as they start assimi¬ 
lating. 

The work is in progress. 


49. An ecological study of the vegetation of the Raveyres. 
P. CnoDAT (Geneva) and P. Anand, Lahore. 

This iiiv estigatioii was carritsd on at the Lmns'a, Alpine iliologicul 
Station, Bourg-Saint-Pierre, Switzerland. 

Four distinct formations have been distinguished; viz. 

1. The iZoci’-forraation consisting of Svinpcmvetum-fxnA t'eslucctuin 
ov ino-associations. 

2. The /’miem-formation consisting of Laserphletuin-and Tri- 
/oiietti/»-as 8 ociations. 

3. The F?Ve-formation dominated by Festucetum jiaria-association. 

4. The ifwrtaie-forraation consisting of a marginal zone dominated 
by VacciniAtum myrtillus and Oeranielum ailvatica and a central zotio 
domu)atod by UhccrophyUetiim hirauti. 

The various associations have been further divided into communities 
W'hieh are descril)od in detail in this paper. 

Soil samples wore collected from these communities and the following 
observations noted with regard to each sample:— 

1. Mechanical analysis. 

2. Content and capacity of air. 

3. Content and capacity of water. 

4. Actual acidity of the soil. 

6 . Buffer action. 

It is seen that a definite correlation exists between variations in 
the soil and the fioristic composition. 

A study of the root systems of the dommant plants of each community 
has also been made. 
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50. The anatomy of Tmniopteris spatulata McClelland. 

A. R. Rao, Lucknow. 

The tnesarch nature of the vascular bundles of the midrib, as well 
as the cuticular features of T. spaiulata McCL, have already been recorded 
(Rao. Proc. Ind. Set. Congress, 1934). Further examination reveals the 
following anatomical details. The tip of the leaf is acuminate, and a thin 
layer of cutin covers the epidermis. Beneath the upper epidermis lies 
the palisade, generally one cell thick and extending over the midrib also, 
and succeeded by spongy parenchyma several cells thick; the lateral 
veins which arise almost at right angles from the midrib course between 
these two tissues. Annular, spiral and scalariform elements of the midrib 
bundles can be clearly made out. In vertical longitudinal sections the 
lateral veins underlie depressions of the surface suggesting a finely grooved 
lamina. Each vein is enclosed in a selerenchyrnatous sheath, and over 
each bundle is developed a certain amount of hypodorrais, two colls of 
which above and below are rather prominent. The short petiole SGoms 
to be slightly winged and has a ventral groove. Complete or attached 
leaves are never met with, probably due to their crisp and deciduous 
natures respectively. 

51. Winged pollen from the Jurassic of India. 

A. R. Rao, Lucknow. 

The two-winged and three-winged pollen recorded from the Raj- 
inahals (Rao. Proc. Ind. Sci. Congress, 1934) are described in detail. 
The species con be referred to Professor Seward’s form genus Pityosporites. 

52. Fossil woods from Queensland. 

H. S, Rao, Lucknow. 

The anatomy of certain Gymnospermous woods, mostly Dadoxyla 
from the base of the Brisbane tuffs as exposed at Collin’s Wharf (Permo- 
Carboniferous), is described. All the specimens show clearly the growth 
rings. They are silicified and well preserved, consisting only of the 
secondly wood. 

53. On some Jurassic plants from old and new fossiliferous 

localities in the Rajmahal hills. 

K. M. Gupta, Lucknow. 

Although the Rajmahal Hilla form one of the most important local¬ 
ities for Jurassic pl«mts, not many fossiliferous exposures were known 
to earlier workers such as Feistmantel. The object of the present paper 
is mainly two-fold: firstly to put on record the discovery of some new 
fossiliferous localities, together with the species collected from them. 
These were discovered during the excursions of the years 1931, 1934, 
and 1935 in all of which the present author took some part. Secondly 
the object is to describe briefly a few and interesting tsrpes. Among the 
important types described here are the following:— 

A species of Hausmarmia, a Dipteridaceous leaf impression described 
for the first time from India ; one or two new species of RMzomopteria, a 
genus intended to include stem or rhizome-impressions of ferns of doubtful 
affinity and some new fern and cycadean leaf and stem-impressions 
besides a well-preserved WiUiamsonia fructification. Lastly, a new Ught 
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has been thrown on the strusture of certain cono-liko bodies (including 
ConiieA sesailis Sahni) which have been found to be not cones but probably 
of the nature of short shoots. They may possibly belong to the genus 
Tf^niopteria so profusely foimd in association with these shoots. 

.54. Leguminoxylon burmense Gen. et sp. nov. a dicotyledonous 
wood from the Tertiary of Burma. 

K. M. Gupta, Lucknow. 

This material from the Irrawady System of Burma was received by 
Prof. Sahni in 1921 from the Director of the Geological Survey of India. 
Prof. Sahni, who originally intended to describe this fossil, regarded it 
as probabls' specifically identical with Dipterocarpoxylon burmenae 
Holden, with a number of structural features hitherto unnoticed (Sahni, 
1922). But its recent examination by the author proved its distinct 
identity from that of D. bumtenae Hold., now known ns Irrawadioxylon 
burmenae (Hold.) Gupta (Gupta, 1935). Besides this iiriatorial from the 
Geological Survey of India, a few more sections of Leguminoxylon burmenae 
Gen. et sp. nov. are available for description through the kindness of the 
authorities of tho Madras Museum. It is described under the more 
comprehensive name Leguminoxylon, Gen. nov., rather than a restricted 
genus like Caeaalpinioxylon, duo to its resomblancos to leguminous woo<ls 
rather than caesalpinious. This now genus will also have the advantage 
of embracing such fossil dicotyledonous woods whoso affinities with tl\o 
living genua of tho family Lcguminaceae are indeterminable. The st rucf ure 
rif the fossil may be briefly described as follows :— 

Growth rings absent fir faintly inoi-ked, vessels isolated or in radial 
rows of 2 or 3 : siinjile pits on radial and tangential walls of vessels ; 
wood ])aronchyma vascicontric in form of well defined rhomboid masse.s 
round the vessels. Medullary rays usually 2-3 seriate, 0-18 cells high ; 
ray cells all similar, narrow and horizontally elongated. Hosin canals 
absent, liut resin present in the ra 5 ' cells. TIk* specimen has been compared 
with liv'ing and fossil leguminous woods. 

The sections and photograph.s wore exhibited. 
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THE DEVELOPMENT OF THE VERTEBRAL COLUMN 
AND ITS BEARING ON THE STUDY OF ORGANIC 

EVOLUTION. 

I am deci)ly grateful to you for the lionour you have shown, 
in eletding me to this chair, and, while offering you my mo.st 
sincere thanks, I would i-espeetfully beseech the co-operation 
of the members of the Congress to make it a success. Year 
after 3 ear the general con\'entioii api>ears to be that the Presi¬ 
dent’s address should deal with a sul)ject in which he is interested, 
and it should gi\"e a generalized statement of his own researches. 
I have, therefore, chosen ‘ The development of the vertebral 
column and its bearing on the study of organic evolution ’ as 
the subjefrt of ra^' address. 


Introduction. 

No problem is mor(i fascinating to a biologist than that of 
organic evolution. Organic evolution in some form or other was 
))elicved to be true l\v a number of naturalists, long before the 
birth of Darwin. In fact, the idea of such evolution is of ver^* old 
origin and one can trace it to even before the time of Aristotle. 
But it was left to the genius of Darwin to state the laws, 
as he did, of organic evolution, sui)ported hy the evidences 
that were available in those days. Biology has made long 
strides since then, and, while the central concept of the Daiwinian 
theooy holds good, numerous changes ha\ e been suggested in 
explanation of the supporting facts. It is not the theory of 
descent, but it is the facts on which the theory is based, that we 
ate more concerned with. 

The knowledge of embryology was not much in advance 
when Darwin propounded the theory of organic evolution in a 
definite form in his epoch-making book The Origin of Species. 
Nevertheless, embryological and morphological facts, mure than 
the data from paleontology, were adduced as indirect evidences 
of organic evolution. Darwin (2) saj’^s, ‘ Embryology rises 
greatly in interest when we look at the embryo as a picture, 
more or less obscured, of the common parent form of each great 
class of animals ’. 
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The theory of evolution means descent with modifications; 
but we feel great difficulty, owing to the imperfections and gaps 
in the series of any class of extinct forms showing gradual 
evolution from the so-called lower to its modern form, in tracing 
the line of descent, that is to say, the phylogenetic affinities. 
The theory of recapitulation is a help in the matter. According 
to this theory, the ontogeny, that is, the developmental history 
of an organism from the egg stage to the adult, repeats the 
phylogeny, that is, the racial history. Therefore, from the 
mode of development of an organism we can picture its ancestral 
forms. (Such questions as the mono- or poly-phyletic origin 
of a group of animals, which often agitate the mind of a sys- 
ternatLst or palaeontologist and imidy divergent or convergent, 
modes of ev<ilution, can also be answered by examining whether 
there is a uniformity of developmental ]>rocesses in tlie meirtbers 
composing the group or not. For this purj)ose dcveloiunent 
of similar organs in the diffei-ent members of the grou]>, should 
be carefully studied, and such organs should be sdectc'd as are 
relatively stabh^ and arc not easily adaptable or plastic. To 
facilitate correlation with such other facts as affect the evolu¬ 
tionary history of the group, the tyi^e of organ to bo selected 
for embryological studies should be one about w'hich w’e have 
more or less comparative data, relating to other as])octs of its 
evolutionary history. The study of clevelo])ment of vertebral 
column of the v'ortebrate group meet s with all the above require¬ 
ments. 1 })ropose now to deal wdth the develoi)ment of the 
A'crtebi'al column whicli I have been invr'stigating for a number 
of years, and shall try to show' evidences from the study of this 
embryological problem in sui»port of the theory of organirt 
evolution. 

Towards the middle of the nineteenth century, the problem 
of the development of the vertebral column attracted the atten¬ 
tion of continental embryologists. McKJt of them approached 
the problem and endeavoured to solve it according to the material 
and knowledge available in those days, until Gegenbaur (13) 
came in and tried to systematko the knowledge so far gathered, 
making his own contributions as w'dl. Gogenbaur’s concep¬ 
tions were sometimes wide of the mark, owing no doubt to the 
fact that microtoraic work was not perfect in those days. To¬ 
wards the close of the nineteenth century Gadow (8, 9) became 
interested in this problem and published his observations in the 
Philosophical Transactmi of the Royal Society, London. His 
object was to co-ordinate the works of previous investigators, 
but, despite his great knowledge, discernment and industry, 
the solution of the problem remained imattained, while compli¬ 
cations appeared to some extent. He was often emphatic in 
his assertions, and though he was contradicted by more than 
one embryologist, he with his peculiar arguments, tried to 
justify himself. In spite of these drawbacks, one should look 
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upon him as the pioneer in this field of research, and even 
to-day his two papers, and his posthumous book on T1i£ Evolution 
of the Vertd)ral Column, are often quoted in reference to problems 
connected with the development of the vertebral column. 

The development of the vertebral column of all vertebrates 
can be studied under the following heads :— 

1. Formation of the centrum or the body of the vertebra. 

2. Formation of the arches both u])])er and lower. 

3. Formation of tlio ribs and the ri]>-bearing process. 

4. Formation of the aTticulations. 

In vertebrata, the notochord is the starting element 
m the formation of the vertebral column. It is rather a stiff 
Imt flexible rod Iving below the central nervous sv'stem, and 
wedged ])(‘tween the paired series of muscl(‘ segments. The 
notochord generally develops from the dorsal wall of the archen- 
tcron as a thickening which is ultimattdy ni])])ed off fiom before 
backwards. After repeated divisions of the nuclei, the cells 
of tb(‘ notochord multiply and become vacuolated forming the 
eliaracteristic notochordal tissue of polygonal cells. At the 
periphery, an ejutbelinm is formed of cells rich in jirotoplasm 
which secretes tlu* two covrning sheaths ; first, a thin cuticular 
membrane called the chstica e.xierna. and. later, a, thick fibrous 
sheath inner to the first, called the interna. 

According to the previous workers on the develojunent 
of the vertebral column. th<* mesoderm on the lateral sides 
of th( notochord difl'erentiates out into protovertebral and lateral 
jrlates. The protovertebra in its turn, di^^des into somites 
which are arrang(‘d one behind the other. The sclerotome is 
a cluster of cells liberated from the ventro-medial cornci’ of the 
primitive hollow somite (w'hose outer wall forms the cutis lay cm-), 
while the myotome is t)nly a thickened }jortion of the inner wall 
of the somite. In case of teleostean fishes, amphibians, and in 
some of the reptiles, the sclerotomic cells become scattered right 
from the begimiing, so that the sclerotome, i.e., the cluster of 
sclerotomic cells, does not take a definite position immediately 
afteJT' the colls had been liberated from thi' ventro-medial (iorner 
of the mesodermal somite. In other cases, the sclerotomes 
enlarge, forming blocks closely packed together and extending 
to the notochord. Each sclerotome is diff(!reutiated into two 
halves, and sometimes there is a clear fissure between these 
two halves. The posterior half of the sclerotome is usually 
more dense and compact than the anterior half, the latter to 
some extent, is invaded on the dorsal side by the developing 
spmal nerve ganglion. 

Owing to the sclerotomes retaining their individuality for a 
considerable time, frontal sections of embryos show alternate 
light and dark stained half sclerotomes. Each light anterior 
half-sclerotome of a segment, say X, fuses with the dark posterior 
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half-sclerotome of the segment, say, Y, preceding it, to give 
rise to a complete vertebral segment. Thus the resegmentation 
is formed leading to the alternation of vertebrae with the original 
somites. Intervertebral portions are intramyotomal and the 
vertebral portions are intermyotomal in position. 

Sclerotomes of opposite sides fuse towards their imier ends 
adjoining the notochord, to form a continuous skoletogenous 
perichordal layer. The dorsal part of the denser half-sclerotome 
is known as the hmidorsal and the ventral part of the same 
as the basiventral. The dorsal part of the lighter half- 
sclerotome is the interdorsal and the ventral part of the same 
the intenmdral. 

Oadow (9,11) classified the vertebra? into two main divisions 
according to the mode of the formation of the centrum. These 
divisions are:— 

I. Chordacentrous. The sheaths of the notochord become 
the centrum. The mesoblastic cells from the skcletogenous 
layer which were originally outside the sheaths, in all Elas- 
mobranchs, make their way through the thin elastica externa 
and invade the underlying fibrous sheath in every segment at 
four points in its circuniference corresponding to the bases of 
the dorsal and ventral arches. These cells penetrate in large 
numbers, arrange themselves in concentric layers, and contribute 
a matrix to the ever-widening fibrous sheath. The centra are 
thus formed from the notochordal sheaths. 

II. A rchocentroKS. The arches {nrcmilia) plaj^ an important 
role in the formation of the centrum. This second division, 
according to Gadow, can be subdi^^ded into three main sub¬ 
divisions :— 

(a) Psemlocentrom. Four pairs of arcualia, viz., basidor- 
salia, basimntralia, interdorsaUa and intervenlraUa take part 
in the formation of vertebral centrum. Basidorsalia and 
basiventralia are fused together to form the middle of the 
vertebral body, as in the caudal vertebrse of Urodela. 

(b) Notocentrous. The centrum is formed by basidorsalia, 
iiiterdorsalia and basiventralia. Example of .such a vertebral 
centrum can be found in the trunk vertebrae of Anura. Gadow 
further divided this subdivision into two sections :— 

Epichordnl. The basiventralia are suppressed ; example 
of this can be found in Xenopus, Bombinator, etc. 

Perichordal. The basiventralia take part in the formation 
of the centrum. Example of such a centrum can be 
fmmd in the trunk vertebrae of the common frog. 

(c) Qastrocenirous. Here the basidorsalia, interventralia 
and basiventralia are present. But the centrum is formed 
mainly from the interventralia. Basiventralia are much 
reduced and form the intervertebral disc attached to the cranial 
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surface of the centrum; when less reduced they appear as 
so-called wedge-bones the intercentra or che\Tons, as in the 
trunk and tail vertebrae of most Amniota (Plate 1), 

The validity of the above classification of the vertebrae, 
in general, has often Ix^en questioned by me and by my colla¬ 
borators, not only in reference to any particular species but 
with regard to several species of the vertebrate class. 

If the theory of gradual evolution be held correct, such a 
wide range of diversity in the formation of the vertebral centra 
as outlined above by Gadow, is rather difficult to correlate and 
explain, specially when it is well known that there is nothing 
more rigid and nonplastic than the skeletal system in the animal 
kingdom, and the origin of this structure in the animal kingdom 
by mutation is j>robleraatic. 


Fokmatiok of the centrum or the body of the vertebra. 

After the formation of the notochord and its sheaths, the 
skcletogcnous cells aggregate round them forming an oil ter 
jacket of cells known as the lierichordal layer. In the ease of 
Elasmobranch, the cells of the i)erichor(lal layer soon pass 
inside the inn<M- fibrous sh(iath at four ])oints, that is, at the bases 
of arches of each segment. These mesenchymatous cells, 
on reaching the fibrous sheath, soon become cartilaginous 
and form the centrum. Therefore, Gadow’s interprc^tation of 
the chordacentrous type could partially be htdd as correct in 
so far as the ultimate' formation of the centrum by the noto¬ 
chordal sheaths is concerned, but with this difference that the 
centrum formation in the begiiming is greatly aided by the 
skeletogenouH cells which migra te within t he notochordal sheaths. 
In Teleostean fishes, the skeletogenous layer aggregates round 
the sheaths of the notochord as in the above, to form the outer 
jacket known as the perichordal tube. These (tells, it should be 
noted, do not get inside the notochordal sheath as in the Elas- 
mobranchs. This perichordal tube, laid outside the notochordal 
sheaths, becomes cartilaginous and eventually bttcomes osseous 
in the vertebral region. In a generalized Teleost, like the 
Herring, Ramanujam (44) has shown that there is an intermediate 
8tag(% between the Teleost and the Elasmobranch, in which 
the skeletogenous cells form an outer ring corresponciing to the 
perichordal tube, the inner ring of bone being the result of 
ossification of the fibrous inner sheath of the nottwhord. Rama¬ 
nujam interprets that mesenchymatous cells have actually 
migrated from the bases of the mesenchymatous neural arch, 
although he could not establish this except in one or two stray 
cases. Whether the skeletogenous cells get inside the fibrous 
sheath of the notochord at the bases of the cartilaginous arch, 
as in the Elasmobranch, or the mesenchymatous cells become 



312 


Sectim F, Zoology. 


( 6 ) 


actually severed and migrate inside the sheath, is a problem 
that requires further investigation. 

According to the jirevious authors (8, 18, 19, 22, 25, 46), in 
the vertebral column of Amia calva, each thoracic vertebra 
has a centrum formed by the base of the arch, which, together 
with the skeletogonous layer, constitutes a ring romid the noto¬ 
chordal sheaths. Two separate centres of chondrifications of 
the arch start corresponding to the anterior and the postcTior 
halves of each centrum, the anterior portion being formed by 
the base of the arch, and the j)Osterior by th(^ arch proper or the 
basidorsal. 

According to my investigation carried on in collaboration 
with Das, however, the so-called base of the arch doeis not l)elong 
to the arch but is a part of the perichordal tube. Tlie so-called 
base apparently looks as such because the perichordal tube is 
not uniform in thickness along its length and in (‘uch anterior 
half of the centrum, is giv(‘.n off towards the dorsolateral direction 
a pyramid-shaped outgrowth that is a])t to b(‘ mistaken for the 
base of the arch. tSchauinsland (46) regrets that none of the 
workers, including himself, could get th(‘ earlier stages of Amia 
calva. We were fortunate enough to get the very early stages 
of this species and found that, the so-ealled base of the arch at 
the early' stages was in a inesenchymatous condition exactly' 
like the remaining perichordal tul)e, while the arches were 
easily' distinguished from the latter in being cartilaginous. 
The same was also true in case of the so-called base of the 
laisiventralia. 

In the int(‘rvertebral region of the ordinary Teleost, mesen- 
chyunatous connective tissue cells form by migration three 
consecutive rings arranged in a series around the jH*richordal 
tube which remains membraneous for a considerable time (33). 
I was the first to discover the existencje of this sort of migratory 
eoimective tissue cells in the intervertebral ])ortion of the peri¬ 
chordal tulx^ of the vertebrate series beginning from Klasmo- 
b'.anchs right up to Mammals. These migratory comiective 
tissue cells arc responsible for the origin of different kinds of 
vertebrse. I shall show laier on, when I shall speak of the for¬ 
mation of articulations, how different forms of vertebrae are 
actually formed by the help of these migratory connective 
tissue cells. 

According to Gadow (9, H), the development of the verte¬ 
bral centrum of all Urodela starts with a uniform aggregation 
of the skeletogenous layer outside the notochordal sheaths. 
There is no trace of segmentation into the vertebral or the 
intervertebral region. He gave the name ‘ membrana reuniens ’ 
to this imdifferentiated layer and to the remnants of it, which 
persist after the cartilaginous structures had been derived from 
it. The dorsal arcualia become cartilaginous at the same 
time. The intervertebral ring of cartilage is formed from two 
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interdorsalia and two interventralia, that is, from four centres 
of chondrification. 

I (28) have clearly shown that it is possible to differentiate 
the skeletogcnous layer deposited external to the notochord 
into (i) perichordal rings, and (ii) mesenchjmiatous tissues which 
fill the interspaces between the sue(!essive perichordal rings ; 
and these two together constitute the perichordal tube in a 
higher Urodela such as Triton vulgaris, (ladow’s definition of 
merabrana reunieiis is not correct, because the intervertebral 
cartilag-', actually is formed from this perichordal ring; while 
the mesenchyrnatous tissue betwc'cn two successive rings 
becomes ossified, forming an hour-glass-shaped centrum. The 
waist of the hour-glass corresponds to the int(Tmyotomal 
(vertebral) region, for there is no other structure there except 
this mesenchyrnatous tissue. Its two fi*ee jirojecting rmds ])ar- 
tially surround the perichordal ring (or int(‘rvertebi‘al cartilage) 
and a space is left between the consecutive hour-glasses, thus 
allowing the perichordal ring of cartilage jiartly to go un- 
prote(!ted. 

The sclcrotonri(“ i>erichoi-dal ring beconu's cartilaginous 
all at once, ai\d the existence of four different centres trf chon- 
diification cannot be justified, Emelianoff (5) also lends suppoi’t 
to this view. A strand of migratory connective tissue cells 
pas.seB into the cartilaginous ]>crichordal i-ing through the s])ace 
left betweem the consccllti^'e bour-glasscs. resrdting in the 
formation of an arc, the convex surface of which is dii’ectcd 
towards the cephalic end. A s])lit ap]»ears within the bod\' 
of the arc com]>osed of connective tissut' (*ells. so as to give 
rise to the formation of a synovial cavity. The int(*rvertcbral 
cartilage tims is divided into a ball and a socket, so that each 
vertebra has the ball in front and a socket at tla* back, to form 
the O])isthocoelous ty]>e. 

Schauinsland (4()) and Kerr (25) have stated that the 
intervertebral cartilage in Urodela increases considerably in 
thickness, bulging out between the adjacent and somewhat 
expanded ends of the bony tu])e. The statements of both the 
authors, 1 am afraid, are untenable ; one could satisfy himself 
by determining whether it is a bulging or this has been produced 
by the migration of connective tissue cells from outside, simply 
by comparing the sections of an early stage with those of a later 
stage. In the early stage, the migratory connective tissue 
cells are outside the intervertebral cartilage, whereas at a later 
stage they are found within the intervertebral cartilage, and 
this substantiates what I have said. 

Gadow (9) has stated, “In many Urodela, especially in 
Perermibranehiata the whole intervertebral cartilage acts as 
the joint, being, in fact, a flexible mass intercalated between 
the bases of the hollow calcified cones of the suceessh'^e vertebrae. 
However imperfect this joint may be, it does fulfil the require* 
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ments of those long-bodied and long-tailed aquatic Urodela”. 
Subsequent authors like Schauinsland (46), Kingsley (26) and 
Goodrich (19) have supported this statement of Gadow. 

In lower Urodela such as in Neciurns macvlatm, I, in colla¬ 
boration with Das (36), have reported an almost identical 
condition as found in Triton vulgaris, with this difference, that, 
after the formation of the hoin-glass-shaped centra and the 
cartilaginous intervertebral rings, the migratory connective 
tissue cells instead of getting into the intervertebral cartilage 
through a curved path to form an arc. pass at right angles to 
the intervert<‘bral ring of cartilage. The migi’atory connective 
tissue c-ells soon become converted into a ligament. 

In the other low’cr Urodela. namely Amhlijstmna tigrinum, 
the formation of the v(Ttebral centrum is (piite different from 
that of Triton vnlgaris as avcII as from Nerturvs inoculatus. 
After the formation of not(»chord and its sheaths, in the inter¬ 
vertebral regions, the development of perichordal ring of skeh^to- 
genous tissue begins. These skel<‘togenous ccills soon become 
cartilaginous, having one centre of chondrification like that 
in Necturus maculatus, with interspaces betw'een the rings filled 
in bv ordinary mesenchvmatous tissu(‘s. A cui ious and unex- 

t- 1/ « 

pected difference from that of Triton vnlgaris and Necturns 
macnlahw is that the mcsenchymatous tissue which fills up the 
space interv'eiiing betw’een the (‘onsecutive cartilaginous rings 
of the intervertebral regions as mentioned aboA^e, does not 
eiiATlope the whole of notochordal sheaths, but only the dorsal 
part of the latter, the rest of the notochordal sheath remaining 
unprotected. The mcsenchymatous tissue extends over and 
partly o\’’erlaps the edge of intervertebral cartilaginous ring 
but in such a manner that the OATrlapping edge of the me«en- 
chymatous tis-sue does not meet that of the next of its kind ; 
consequently there remains a gap. The enveloping mesenchy- 
matous tissue soon becomes osseous forming a very narrow 
hour-glass-shaped centrum. The two ends of the hour-glass 
appear in cross-section, as ckcular osseous rings, whereas the 
waist of the hour-glass is a semicircular arc because of the fact 
tliat it is made up of mesenchymatous tissue restricted only to 
the dorsal side of the notochord. 

Up till now none f>f the authors has described a vertebral 
centrum in which the middle portion is like the above arc in 
the Urodela. In the case of some Anura, Gegenbaur (13), 
Gadow (9) and others no doubt, have described the vertebral 
centrum the cross-section of which is like an arc ; but the mode 
of deA’^elopment and the constituent elements of that as given by 
these authors are quite different from the one described here. 

Goodrich’s (19) statement regarding the mode of develop¬ 
ment of the vertebral centra of the Urodela in general, is the 
same as I have observed in Triton vulgaris. Incidentally it 
n^y further be mentioned that the figure given by him, of the 
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reconstructed as well as of the sagittal section, of the vertebral 
centra of Amblystoma tigrinum, is an exact representation of 
what is seen in Tr. vulgaris. This seems to have been created 
bj^ an error in course of reconstruction of figures. I am inclined 
to think so, because the sections of A. tigrinum gives altogether 
a different picture from the above and the study, which 1 have 
made in collaboration with Das on A. tigrinum, reveals the fact 
that the waist of the centra is deeply depressed ventrally in 
this species ; and even a naked-eye examination of the sid(i-view 
of a dr'ed adult • vertebral column would corroborate our 
statement. 

In the tail region of A. tigrinum the skeletogenous layer 
forms the perichordal tube external to the notochordal sheaths. 
The ossification is restricted, however, to two portions : one 
on the dorsal side and the other on the ventral side of the noto¬ 
chord—thus forming two arcs. These two ossified arcs are 
connected on the lateral sides by the jMTsisfing mcsenchymatous 
tissue. 

Now according to (Jegeiibanr (13) the d(n'elopment of the. 
V(n‘1(‘bral body hi Anura takes place as follows : soon after the 
formation of the notochord and its she^aths, the skeletogenous 
tissue cells aggregate on the dorso-latei'al corners of the noto¬ 
chord to form the neural arches (dorsal arcualia). I’liey I’cst 
dirccdly on the sheaths of the notochord. These arches corres¬ 
pond in position to the caudal half of each myotome, wliile 
the spinal nerve ganglia correspond to the cranial half. In the 
mean time, another mass of skeletogenous tissue is formed 
mid-ventral to the notochord. Ultimatel 3 ’' these skedetogenous 
aggregations become cartilaginous. These cartilaginous elements 
are conneettd with each other hy the connective tissue to form a 
comjilete ring. Thus the basal ])ortion of (‘ach arch is jirolonged 
dorsall^' as well as ventrally' so that tlie two unite to form a 
complete ring of cartilage which becomes the osseous vertebral 
centrum. This method of deveiopinent of the vertebral column 
should be called the perichordal mode. Th(> development of 
the vertebral body of both Rana and Rujo follows this mode. 
There is another mode of development of the centrum called 
the epichordal mode, in which the ventral element remains 
membraneous and ultimately degenerates along with the noto¬ 
chord. The centrum is thus formed only from the bases of 
the dorsal arcualia. This mode is shown in the centrum formation 
of Pseudis, Bombinator, etc. 

Schwegmann (47) and Gadow (9, 10, 11) have supported 
the statement of Gegenbaur. 

I (29) have worked on four different examples, viz., species of 
Bana, Bufo, Bombinator, and Xempus, and have found that the 
perichordal mesencliymatous tissue in each case envelops the 
notochordal sheaths both in the vertebral as well as in the in¬ 
tervertebral regions. The perichordal layer so formed is very 
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thin in that region where the bases of the arch come in contact 
with it. Consequently it apparently looks as if the arch sits 
directly on the notochordal sheath. The thinness of the fibrous 
perichordal layer on the two dorso-lateral corners, however, 
is obviously due to the pressure exerted by the congregation 
of the sclerotomic ciells that form the dorsal areualia. In fact, 
the dorsal areualia have nothing to do with the formation of 
the vertebral centrum. In the cases of Ram tempornria and 
Bnfo melanoatictus, it is the fibrous part of the perichordal tube, 
situated jtist below tin; cartilaginou.s dorsal areualia that fir.st 
btHJOmes chondiified. The cells of this portion arc quite distinct 
from the cartilaginous cells com])OHiiig the dorsal areualia. 
The early chondriiication of the perichordal tube near the 
bases of the dorsal areualia has led to the mistaken notion 
that the cartilaginous areualia sit directly on the notochordal 
sheath. 

From the description given by Cegenbaiir (13), Scliwegmann 
(47), Cadow (9), an<l Schauinsland (46), it seems that these 
authors regarded the structural condition of any particular 
j)ortion of the vertebral columns of Rnyui and Biifo examined 
by them, as typical of the general structure of the entire triu)k 
vertebra, as otherwise we cannot comprehend how the>' could 
describe a trunk vertt^bra to be formed almost in the same way 
as any otlmr vertebra belonging to the anterior j)ortion of the 
urostyle in spite of the fact that the vertebra? of the two regions 
are different. Scliwegmann (47) and Gadow (9) have stated 
that they started sectionising from the tail end of thi^ tadpole 
and most probably the othei- two w'orkers did liki'wise and went 
up to the anterior end of the urostyle but not beyond it; w’e 
infer this because we find that there is no separate ventral 
cartilage ]>resent there such as they assumed, to represent the 
united pair of ligemal arch elements in the trunk vertebra. 

Ridewood (45), who worked on Xenopus and Pipa, is of 
opinion that the areualia sit directly on the notochordal sheaths. 
The niesenchymatous tissue below the siiinal cord and between 
the bases of the arches becomes cartilaginous ; and there is formed 
in addition, in the ease of Xuwjms, a cartilaginous body, squarish 
in section, below the notochord. Ridewood was unaware of 
w'hat ultimately hajipened to the rectangular cartilage below 
the notochord. 

Xenopus Icevis presents a unique and most interesting 
case. The chondrification of the perichordal tube starts just 
as in other cases, first in the region beneath the basidorsals and 
then extends to the mid-dorsal region. Xenopus has a rectan¬ 
gular cartilaginous structure ventral to the notochord which 
Ridewood thought to be homologous with the hypoehordal 
cartilage of Rana or Bombinaior in the urostyle region. Ride¬ 
wood emphasized this homology since nobody previously had 
reported a hypoehordal cartilaginous structure in the trunk 
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vertebrae of an animal belonging to Anura, He, however, failed 
to elucidate the ultimate fate of this. 

Really the rectangular structure cannot be homologised 
with the hypochordal structure described by Goette (16) in 
Bornbimtor. It is not placed outside the fibrous periehordal 
tube but forms an integral part of it, so that in Xemjms in the 
vertebral region, there is a semi-circular cartilage present at 
the base of the dorsal arcualia in addition to a rectangular 
cartilaginous structure placed ventral to the notochord, and the 
fibrous layer on the sides eormect these two structures so as to 
complete the ring. At a later stage the rectangular structure 
degenerates together with the notochord and two lateral con¬ 
nective tissue masses. The adult centrum is formed from the 
upper semi-circular cartilage. 

In Bomhinator igneits the ]>orichordal tube chondrifics first 
beneath the bases of the dorsal arcualia, and then mid-dorsally, 
but the ventral portion, instead of chondiifying, degenerates 
along with the notochord. According to Enieliaiioff (5) tiie 
same sort of d(!Vclo]>mcnt of the centrum of the trunk vertebra 
takes ]))acc in Pelohaim fasms. 

The general classification of the formatioji of the vf^rtcbj-al 
centrum of Anui-a, based on the periehordal and the epichordal 
modes, as defined by fbidovv, is sound in certain res2)ects. al¬ 
though the e(uiti'a are not formed from the arcualia as ])revious 
workers have assumed, but from the ])erichor(bl tube. In the 
jjorichordal mode of development exhibited by Ranxi and Bufo, 
the whole tube of the vertebral region becomes chondrified and 
e(»nvertod into centra; in the epichorhil mode, (c.g., in Bombi- 
nator, Xenopas) only the dorsal 2>ortion of the tube forms tlie 
centra. Thj first, or the atlas vertel)ra, in all Anura, hoAVever, 
is formed from the chondrifitsation and ossification of the entire 
2)erichordal tube. 

According to Gadow (9), the intervertebral element is 
derived from four centres of chondrification, the two inter¬ 
dorsal and two interventral cartilages, like the basidorsals, being 
quite distinct. The interdorsal element is very prominent 
and* in the case of Mana, constricts the notochord in the dorso¬ 
lateral zone, whereas in the ease of Biifo, it grows obliquely 
downwards and inwards. Interventral element a- less 

important part in these instances. 

I (29) have shown, that, after the dorsal arcualia have 
become cartilaginous, the jx^richordal tube of the vertebral 
portion is checked in growth, the zone of growth being transferred 
to the intervertebral portion. So the periehordal layer between 
the two cartilaginous arches, acquires the form of a thick semi¬ 
circular ring whose middle portion is the thickest and the two 
sides tapering and slender. A little later the pressure exerted by 
the growing interveidebral fibrous tissue on the notochordal 
sheaths, constricts, to a great extent, the notochord at that 
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region. But the growing tissue does not expand uniformly 
around the notochord. In Ram, it constricts the notochord, 
first, on dorsal side, the pressure from the dorso-lateral corner 
passing towards the ventral side; but in Bufo the pressure is 
directed, first, towards the ventral surface, and then inwards 
and upwards. The result is that in the two genera, the trans¬ 
verse sections of this region are absolutely different. The 
perichordal fibrous layer later becomes pro-cartilaginous. The 
transformation from fibrous tissue to pro-cartilaginous, starts 
from the dorsal region. As there is no sharp line of distinction 
between the dor.sal and the ventral regions, we cannot discri¬ 
minate the interdorsal from the intorventral. The best thing, 
therefore, wovild be to indicate them as the intervertebral ring of 
cartilage. After this intervertebral body has become pro-cartila¬ 
ginous, a vortex of migratory connecjtivo tissue cells passes across 
in a slanting manner tlirough the cartilaginous body resulting 
in the formation of a track in the shape of an internal arc within 
the latter. The connective tissue cells on getting inside the 
intervertebral pro-cartilage in this way, split up into two strands 
each following the line of the arc. Subsequently these become 
cartilagmous. The split gives origin to the synovial cavity ; 
and the ball and socket thus formed respectively fuse with the 
two consecutive vertebral bodies. In Rana, as well as in Bufo, 
the general structure of the vertebrse (•omes under the procoolous 
type, and, this is so because the connective tissue cells invading 
from the sides, pass in from a craniocaudal direction so as to 
produce the socket at the head end and the ball at the caudal 
end. Thus we get in each vertebra anteriorly a socket and 
posteriorly a ball. 

In Bombimtor igmm, where only the dorsal portion of the 
perichordal tube of the intervertebral region becomes very 
thick the notochord is squeezed in the dorso-ventral direction. 
The thickened portion of the perichordal tube becomes carti¬ 
laginous. Subsequently the connective tissue cells pass in as 
in the foregoing case except that its direction is opposite to that 
of the other. Hence as the intervertebral cartilage l>ecome8 
divided into a ball and a socket, the ball is at the anterior end 
of a vertebra and the socket at the posterior end, and the vertebra 
is thus of opiathocoelous type. 

In Xenopus Icevis the dorsal portion of the perichordal 
tube in the intervertebral region becomes very thick and even¬ 
tually cartilaginous. Mention may be made in this connection 
that Ridewood (45) was unaware of the existence of the peri¬ 
chordal tube and he concluded therefore that the intervertebral 
body was formed by the extension of the dorsal arcualia. The 
ventral portion of the perichordal tube in the same region in 
fact, instead of remaining as a fibrous layer, is transfomed 
into a rectangular cartilage. This piece of cartilage is connoted 
laterally by means of a fibrous tissue with the upper cartilaginous 
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portion of the perichordal tube. The same cartilaginous piece 
is not metamerically arranged but continues along the vertebral 
column both in the vertebral as well as in the intervertebral 
regions. It eventually degenerates completely. 

At the anterior region of the urostyle there are present on 
the two dorso-lateral corners of the perichordal tube external 
to the notochord, the dorsal arcualia and on the ventral side 
the hypochordal cartilage. From Geganbaur to Schauinsland, 
every worker had the idea that there were two dorso-lateral 
cartilages forming the dorsal arcualia, and a ventral arcualia 
representing the haemal arch, along the entire length of the 
vertebral column. The descTiptions of the formation of the 
vertebral column given by the above authors, could be appli¬ 
cable to some extent to the structure of the anterior portion 
of the urostyle, but not to trunk vertebrae ahead of it. Thus, 
perforce, one is inclined to ask whether these workers really 
took the sections from the Irunk vertebrae, or wore content with 
cutting only the Urostyle portion. In fact, the two figures 
given by Schwogmann, one for the trunk v’ertebrae, and the other 
for the urostyle, resemble, in a curious way, each other so closely 
that one fails to (hdect any difference between them.except in 
size. 

In the anterior region of the urostyle there are two pairs 
of dorsal arcualia; hypochordal cartilage also starts from the 
anterior limit of the urostyle and continues up to its posterior 
end. The posterior portion of the urostyle is bulky and there 
is no neural arch or cartilaginous dorsal arcualia at that end. 
The spinal cord in this portion is enveloped by conneidive 
tissue arches. At an advanced stage of the embryo, the 
hypochordal cartilage is pushed upwards, crushing the noto¬ 
chord. The perichordal tube by this time becomes cartila¬ 
ginous. 

The urostyle of Bombimtor possesses an articulation with 
the ninth vertebra as in the other two examples. The ninth 
vertebra here, is of an*opisthocoelou8 type like other vertebrae. 
In the case of Xenopus, however, the ui’ostylo is fused with the 
ninth vertebra. What Ridewood regarded as a hypochordal 
cartilage, extending from the atlas up to the end of the urostyle, 
is not homologous with the said structure in other species. It 
has already been proved that the aforesaid structure is a part 
of the perichordal tube. Ridewood (45) reports another ridge¬ 
like cartilaginous structure, s^f^uated below the so-called hypo- 
chord. This ridge-like structure is the true hypochord. I (29) 
have traced its development up to the adult form, and have 
found that what Ridewood calls hypochord proper, is nothing 
but a part of the jwrichordal tube, which ultimately degenerates. 
The hypochord (Ridewood’s so-called ridge of the hypochord) 
persists. In the anterior portion of the urostyle it fuses with 
the dorsal arcualia crushing the notochord entirely. 
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According to Gegenbanr (13) a reptilian vertebral column 
starts with the formation of a cartilaginous tube round the 
notochord, which is continuous with the cartilaginous neural 
arches. The latter are placed in the vertebral region, and in 
these regions ossification seta in very early, while the notochord 
remains relatively unconstricted. In the intervertebral region 
the cartilage becomes thickened, as in Amphibia, and generally 
constricts the notochord. The cartilage in each of the inter¬ 
vertebral regions soon becomes divided into two parts which 
form the articular facets for two consecutive vertebras. 

Schaninsland (46), who worked on Sphenodon, has stated 
with regard to the development of the vertebral centrum, that, 
as soon as the sclerotoraic cells have been liberated from the 
ventro-mediaii comer of the mesodermal Lsomite, they begin 
to spread along their medial part, and aggregate on both the 
right as well as the left sides of the notochordal sheaths. Later, 
tliese Hclerotomic cells e.xtend on the dorsal as well as the ventral 
surfaces forming a complete ring round the notochordal sheaths. 
The investing ring is known as the perichordal sheath. The 
])erichordal sheath, which is very thin in reptiles, has been called 
by old authors like Goette (17), as chorda shmth. In the begin¬ 
ning the perichordal sheath has uniform diameter, and lafer 
(corresponding to the middle of each myotome) it becoiruis 
thickened, forming the intervertebral bodies. The perichordal 
sheath situated between the two consecutive thickeneHl rings 
of intervei'tebral body is vei’y thin forming an hour-glass. The 
middle portion of the hour-glass-shaped body thus form(^d 
represents the primary (jentrum which becomes surrounded by 
the rudiments of the arches arising from the sclciotome. Tlie 
dorsal part of the rudiments of the neural arches envelops the 
spinal cord from the two sides and on chondrification forms 
the neural arch proper. The basal portion of the neural arch 
surrounds the juimary centrum forming a secondary centrum. 

Our investigation regardhig the development of the ver¬ 
tebral centrum of Reptilia gives quite a different story altogether. 
In each reptilian vertebral column there is a neurocentral suture 
near the base of each basidorsal, and this is a unique structure 
and a speciality of the class Reptilia. 

We know^ that, in the case of Ram temporaria, the diapo¬ 
physis (or transverse process) arises higher up from the lateral 
side of the basidorsal. In Triton vulgaris, the rib-bearing 
process is nothing but the diapophysis, and is located at the 
middle height of the lateral side of the basidorsal. In a lower 
Urodela, such as Neclurus rnmulakis, the rib-bearing process 
is a latero-downward process situated almost at the end of the 
basidorsal. So we see that the diapophysis (or transverse 
process) is variable in its position in reference to the height 
of the lateral limb of the basidorsal, i.e. of the neural arch. 
The so-called suture in all reptilian vertebral column, therefore. 
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is equivalent to the diapophysis, being situated at the base of 
the basidorsal proper. In Lacortilia, such as Oecko verticiUatm 
and Calotes versicolor, I have found for the first time, a lateral 
projection from this so-calleck suture with which the rib is 
articulated. The details of those structures I shall deal with 
at a later stage when I shall speak about the arches, the rib¬ 
bearing process and tins rib. 

Now the question is, that if the neurocentral suture is the 
real rib-bearing process, what should be the base of the basi¬ 
dorsal that has been reported by the previous workers ? The 
answer is, that the latter is a part of the perichordal tube and 
has no separate existence. Wo have found that in all reptiles, 
after the formation of the notochord and its sheatlis, the sclero- 
tomic cells first form a ring roimd the notochord in each anterior 
half of the sclerotome. These rings ai’e the perichordal rings. 
At a later stage the interspaces coiTospondmg to each posterior 
half of the sclerotome have been filled up by the loose sclero- 
tomic cells forming a complete tube which may l)e called the 
jierichordal tube. In the mean time corresponding to each 
posterior half of the sclerotome there forms in addition, a dorso¬ 
lateral aggregation which ultimately forms the basidorsal. At 
a later stage We find that the cells of the basidorsal stay in 
a procartilaginous stage and the whole of the perichordal 
tube still remains in a fibrous condition. x\t this time the 
sclerotomic cells actually get in between the base of basidorsal 
and the thick fibrous tissue of the i)erichorda.l tube. In a stage 
older than this we find that the fibrous tissue of the perichordal 
tube laid outside the notochrodal tube is differentiated only in 
the vertebral regions into two layers, viz., an inner and an 
outer. In t]i,e intervertebral regions the perichordal tube 
remains in the fibrous condition for a considerable time. The 
outer layer of the peri(!hordal tube in the vertebral regions later 
becomes cartilaginous, while the inner layei’ persists as fibrous. 
It is this inner fibrous layer which every previous worker has 
identified as the perichordal tube, and the outer cartilaginous 
layer as the base of the basidorsal. Thus the erroneous idea 
of the formation of the vertebral centrum by the base of the 
arches has crept in. 

A comparison of the two stages, viz., one before the chondri- 
fication sets in, and the other after completion of the chondrifi- 
cation, will show that the fibrous perichordal tube in the earlier 
stage is thicker in cross section than that of the later stage, the 
reason being, that in the first case we see the whole of the peri¬ 
chordal tube whereas in the later case, the inner portion only is 
seen, its remaining outer portion having become cartilaginous. 
This cartilaginous portion was mistaken by the previous 
workers as the base of the basidorsal. 

Schauinsland (46) has given two figures of the transverse 
sections of Sphenodon, representing two stages; and an examina- 
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tion of his figures clearly show’s that his interpretations of these 
structures were wrong. The perichordal tube of the earlier 
stage is thicker than the perichordal tube of the later stage, 
although the sections are of the same magnification. We have 
selected as representatives of Ophidia, Tropidonotm stolatns 
and Naja naga. I have found in collaboration with Chatterjee 

(34) , that in each centrum there is a membraneous bone arch 
in the anterior, a cartilaginous basidorsal in the middle and a 
membrane bone arch in the posterior zone. The so-called suture 
which really represents the diapophysis is present not only at 
the base of the basidorsals but also at the anterior and posterior 
extremities of the centrum. 

The condition of Chelonia is almost like that of Ophidia. 
As an example of this group I, in collaboration with Mukherjee 

(35) , have worked on the Chelonia Chrysemys rnargimta. 

As an example of Crocodilia I have selected Alligator mis- 
sipienais, in which the condition is identical to that of Lacertilia 
with the difference that the membrane arches are ab.sent. 

Hiper (41) has recently recorded that in Aves, there is a 
continuous perichordal tube outside the notochordal sheaths. 
Both the upper (dorsal) and lower (ventral) arches are situated 
towards the anterior end of the vertebra. The remaining 
portion of the tube has, in addition, the interdorsal cartilaginous 
arch at its dorso-lateral comers, the ventral, as well as the mid- 
dorsal sides of this portion of the perichordal tube being left 
unprotected. At the extreme end of the vertebra, the peri¬ 
chordal tu])e is enveloped by two consecutive rings—the anterior 
and posterior interventrals. From the posterior interventrals, 
the intervertebral ligament is derived. 

According to my investigation on the vertebral column of 
the common fowl, the base of the neural arch does not meet 
the base of the haemal arch. As a matter of fact there is present 
only the connective tissue layer representing the basiventralia 
just as in the thoracic vertebra of the frog. I have not found 
a single instance where the arch contributes towards the forma¬ 
tion of the centrum. What Piiper indicates as the connecting 
piece of the bases of the basidorsal on the ventral side of the peri¬ 
chordal tube represents, in my opinion, the outer perichordal 
tube, as in Reptilia. Mention may also be made that Piiper 
has shown the intercentrum as quite distinct and different from 
the basiventralia, but most authors (Gadow and others) conclude 
that the intercentrum is not a separate element but represents 
the united basiventralia. The middle portion of the vertebra 
is shown by Piiper as very thin and it seems to us to be due to 
the fact, that it is made up of thin perichordal tube alone. Our 
observations show that however thin it is, this ring represents 
both the outer as well as inner perichordal rings. In the inter¬ 
vertebral portion, there aggregates three consecutive connective 
tissue bands exterior to the fibrous perichordal tube exactly 
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like the intervertebral elements of the Teleostean fishes. The 
middle band is responsible for the formation of the intervertebral 
ligament. So Piiper’s anterior and posterior interventrals arc 
really the anterior and posterior intervertebral bands made up 
of migratory eonneetive tissue cells. 

Another point in favour of the view that the basiventralia 
do not take part in the formation of the centrum, is tiiat in the 
anterior cervical vertebrse, the intercenira are present and these 
are recognized to he formed by the union of the basiventralia 
elements. If the basiventrals help in the formal ion of the 
centrum and remain thus occupied one may ask wherefrom do 
the united basiventralia come. 

In a recent paper on the development of the vertebral 
column of mouse, Bawes (3) has shown that the (icntrum is formed 
by a perichordal tube laid outside the notochordal sheaths; 
and external to this, the basiventialia come to form an outermost 
ring of the centrum. In the intervertebral region, the inter- 
ventrals assume ‘ U ’-shape, and subsequently the two limbs of 
' U ’ is bridged over by the interdorsals. 

K(!garding Mammalia, I have found, in collaboration with 
Das, that in Talpa the centrum has an outer as well as an inner 
])erichordal layer in the vertebral region, as in the other two 
groups, xh., Rejhilia and Aves. Although many workers have 
worked on the development of the vertebral column of mammals, 
none giv'^es the detailed description of the caudal region of any 
type. 1 have already stated that DaW(!s showed that the 
centrum was formed mainly by the interdorsaJs and basiventrals ; 
but as he confined his investigations only to cervical, thoracic, 
and lumbar vertebrae, he failed to detect that basiventralia in 
the trunk region of Mammals remained in a connective tissue 
stage. It is only in the caudal vertebra? that the cartilaginous 
‘ V ’-shaped hsemal arch occurs and the centrum of this region 
is exactly like that of the trunk region. In the caudal vertebrae 
there cannot be two sets of basiventralia, one to form the 
centrum and the other to fonn the ‘ V ’-shaped haemal arch. 
The ‘ V ’-shaped arch has in fact three elements—two basiven- 
trals and a midventral piece, the infra ventral (Plate 2). 


Formation of the arches both upper and lower. 

In all Vertebrata the neural arch protects the spinal cord. 
In Elasmobranch the neural arch is formed by the cartilaginous 
basidorsals which sit at the dorso-lateral corners of the noto¬ 
chordal sheaths, leaving, however, enough space at the base to 
allow the skeletogenous cells to enter inside the fibrous sheaths 
of the notochord. The basidorsals of either side meet above 
in the mid-dorsal line, and there is a third piece of cartilage 
to complete the neural arch. This third piece is called the 
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supradorsal, from the top of which, in these instances, there 
develops a dorsal spine. Throughout the whole of the vertebral 
column the space between the neural arch of one vertebra and 
the neural arch of the next is filled up by an arch-like structure 
called intercalary. On the ventral side, there are two ventro¬ 
lateral basiventrals which also like the basidorsals, do not arise 
directly from the notochordal sheaths but there is a narrow 
space between them for the entry of the skeletogenous cells into 
the fibrous sheaths so as to form the centrum. There are 
ventral intercalaries just as the dorsal ones. 

The haemal arch encloses the caudal vein and the dorsal 
aorta. In the anterior region of the vertebral column, the 
haemal arch consists of two basiventrals which do not meet to 
complete the arch. In the caudal region the ventral inter- 
calaries are greatly reduced or absent. 

In Teleost, the cartilaginous basidorsals do not sit directly 
on the dorso-lateral corners of the sheaths of the notochord but 
a little away from it, so that just outside the notochordal sheaths 
the skeletogenous cells aggregate round the latter forming 
an outer jacket which is known as the periehordal tube. In 
some cases the outer surface of periehordal tube is depressed 
in to form pits to lodge the bent ends of the cartilaginous basi¬ 
dorsals and this happens when the periehordal tube is in the 
state of mesenchymatous condition. So that, in the adult 
condition the neural arch bases look as if they are sunk in within 
a cavity or pit in the periehordal tube which forms the main 
part of the centrum. In case of Teleost, the neural arch has no 
supradorsal like the Elasmobranch but the basidorsals of either 
side meet at the mid-dorsal line, and from this a long spine 
is projected towards the dorsal direction. Towards the dorsal 
extremity within the neural canal there are two pieces of carti¬ 
lage placed side by side which are called by some workers as 
supradorsals. Both the neural and the haemal arches lie at the 
anterior end of the centrum, so that the rest of the centrum has 
no cartilaginous or osseous structures to give protection to the 
spinal cord or the caudal vein and dorsal aorta. 

The condition of the neural and haemal arches in different 
orders of Amphibia varies, but the broad principle is the same 
in all cases. According to the opinion of the previous authors 
in a higher Urodela such as Triton vulgaris, the neural arch is 
made up .of two cartilaginous basidorsals of either side which 
eventually meet at the mid-dorsal line to complete the neural 
arch. 

Gadow (9) has recorded that the bases of the neural or the 
hsemal arch, principally contribute to the formation of the 
centrum. I (28, 38) have already shown in my papers on 
Triton vulgaris and Nedurus maculatus, that the centrum is 
independently formed, and the arches have nothing to do with 
the formation of the centrum. The arches are structures super- 
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imposed on the perichordal tube from which alone the centrum 
is derived. 

In each vertebra, the cartilaginous basidorsals are generally 
situated in the middle of the centrum, and in the portion imme¬ 
diately preceding and following the cartilaginous arch, the 
spinal cord is protected by the corresponding anterior and 
posterior connective tissue arches. The cartilaginous basidor- 
sals are situated in such a maimer that this arch is deflected 
gradually towards the posterior end and tilts over the top of 
the connective tissue arch next to it. One point that I like to 
mention here is that the connective tissue arches^ in the case of 
Triton vulgaris have three definite elements, that is, two per¬ 
pendicular side-pillars and a horizontal roof piece resting on 
side-pillars, with lateral edges projecting. 

According to the previous workers, the basidorsals of either 
side meet at the mid-dorsal position to complete the neural 
arch, but 1 have shown definitely in the case of Triton as well 
as in Necturm that there is a third piece of cartilage the supra- 
dorsal, the existence of which was emphatically denied by 
Gadow (9). The existence of the comiective tissue arches 
reported for the first time by me was not known then. These 
connective tissue arches become osseous without undergoing 
through the stage of choiidrification. The arches should now 
be called as the anterior and the posterior membrane bone 
arches. They are different from the intercalary arch in Elas- 
inobranch. From the middle of the roof of the anterior mem¬ 
brane bone arch a long spine arises in Triton vulgaris, the 
existence of which was overlooked by Gadow. 

Between the two consecutive vertebra) that is at the in¬ 
tervertebral region, the spinal cord is protected by a fibrous 
layer on the lateral sides and by the supradorsal of the preceding 
vertebra on the top. The edges of the supradorsal form the 
post-zygapophysis. The lateral fibrous layers of the interver¬ 
tebral region remain as such throughout life, and can be seen 
even in an adult specimen. 

I should now direct your attention to the degeneration 
of the cartilaginous arches not noted by previous workers. 
The basidorsal as such does not degenerate entirely, but the 
cartilaginous cells composing it, together with the inner peri- 
ohondrial layer degenerate, leaving the outer perichondrial 
layer intact. The cartilage of the supradorsal element does not 
degenerate, so that in the adult condition it becomes a massive 
structure. The spinal cord hence is protected within the limit 
^of the vertebra, by the anterior membrane bone arch, the outer 
perichondrial layer which also becomes osseous, and by the 
posterior membrane bone arch. When the basidorsal was in 
cartilaginous condition, its thickness was much more than that 
of the membrane bone or the connective tissue arches; but 
after the degeneration, it becomes just the reverse. In lower 
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Urodela such as Necturus macuhtua, an identical condition has 
also been found by us with regard to the constituent parts of 
the neural arch. The striking difference is that the basidorsal 
and the connective tissue arches look alike but these instead 
of being a squarish arch are roundish in shape and a little bigger 
than the outer perichondrial element of the cartilaginous arch. 

In the hsemal arch element of Triton mdgaria in the thoracic 
region, we generally got a thin osseous rod which at one end 
is comiected with the centrum and its other end attached to the 
ventral bond of the rib. At the portion where the anterior 
or the posterior coimective tissue arches are present, an osseous 
rod also exists which looks like a horizontal wing-like structure. 

Regarding the heemal arch element of the tail the previous 
workers were of opinion tluit the cartilaginous basiventrals 
sit directly on the sheath of the notochord and their free ends 
eventually meet. 

Each haemal arch according to our observations is formed 
(i) by the anterior connective tissue arch which ultimately 
becomes a membrane bone, (ii) by a cartilaginous arch which 
is made up of basiventrals of either sid(?, and (iii) by a posterior 
connective tissue arch; all these arches being arranged in a 
linear series one after the other. Infraventral like the supra- 
dorsal completes the cartilaginous arch. From the middle 
of the roof of the anterior connective tissue arch, a ventral 
spine arises. In the thoracic vertebra of Nexiurus macuhitua 
(lower Urodela) the basiventral is in the form of a cartilaginous 
transverse rod arising from the side of the centrum at the middle 
of its heightr The rod at a little distance from its point of 
origin meets with the diapophysis and continues as the para- 
pophysis with which the rib articulates. iSimilarly at the 
anterior and posterior ends of the centrum of the same region, 
wing-like processes are present an<l thest; represent respectively 
the anterior and posterior connective tissue arches. These 
•coimective tissue rods or processes were not mentioned by the 
previous workers. 

Regarding the development of the neural arch of Anura, 
the previous workers are of opinion that the two cartilaginous 
basidorsals of either side eventually meet raid-dorsally to 
complete the arch and the vertebral centrum was derived prin¬ 
cipally from the bases of this ai-ch. 

I (29) have shown definitely that in the formation of the 
centrum, the arch plays no part, the perichordal tube alone 
being responsible for the formation of the centrum. 

As regards the ventral arch, the previous workers were 
of opinion that an united basiventralia or hypochordal was 
present in all vertebree from the first vertebra to the urostyle. 
I have pointed out that the thoracic vertebrae of frog or toad 
do not possess the hypochordal element, the urostyle only or the 
fused vertebra of the posterior end of the vertebral column 
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possessing alone this structure. In the vertebral column of 
Xempus, Ridev^ood (45) by mistake, supported the statement 
of Schwegmann (47) regarding the presence of the hypochordal 
element in the whole of the vertebral column. The real fact 
is that the so-called hypochordal wliich is present in the larval 
state of Xenopus along the entire length of the column, is really 
a part and ]>a.rccl of the perichordal tube which ultimately 
suffers degeneration. 

In the tail region of Anura in the tadj>ole stage, the spinal 
cord is protected only by the connective tissue arches which 
ultimately degenerate and become absorbed during the meta- 
raori)hosis of the tad})ole. 

Schauinsland (46) has shown that in Rbynchocephalia 
the centrum is formed by the base of the cartilaginous Ijasi- 
dorsal that envelops the perichordal tube. 1 have already 
told you that in all llcj)tilia the cartilaginous basidorsal has no 
such sej)arate base as the ojie Schaninsland desciibed. The 
so-called base of the basidorsal is really a portion of the out(‘r 
perichordal tube on the dorso-lateral corners of which, the 
cartilaginous basidorsals come to rest. The perichordal tube 
in the vertebral regions is arranged into two concentric rings-~ 
the inner one remainmg fibrous for a long time and the outer 
ono soon turning cartilaginous. It is this fibrous inner layer 
that almost every worker, including Schauinsland, has indicated 
as the perichordal tube and the outer cartilaginous layer was 
shown as the base of the basidorsal. 

In all Reptilia intervening between the base and the limb of 
basidorsal proper, there api)ears to be a suture that really 
represents the diapophysis referred to before. This is a unique 
structure in the Vertebrata. 

Most authors stated that in Lacertilia the neural arch is 
formed by the basidorsals of either side which eventuallj^ meet 
at the mid-dorsal lino ; but I find that the basidorsals together 
with the supradorsal are responsible for the formation of the 
neural arch as in the Urodela. From the supradorsal, the 
neural spine arises as in the other ease. Besides these, a remnant 
of the connective tissue arch is present interposed between the 
two successive cartilaginous basidorsals. The connective tissue 
element without passing through the stage of chondrification 
becomes osseous. This does not form a complete arch as in 
Triton vulgaris, but the roofing is made up of cartilaginous 
element belonging to the previous vertebra and transposed to 
this. In the precaudal vertebrae there is a rod of carUlage 
attached to the posterior region of each vertebral centrum. 
This rod of cartilage is called the intercentrum or the united 
basiventralia and it is located at the extreme end of the centrum. 

In the tail vertebrae the neural arch is exactly like that of 
the precaudal vertebrae. But the haemal arch element is 
attached to the extreme posterior end of a centrum and appa- 
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rently looks as if it is attached to the intervertebral element. 
Each haemal arch or chevron bone as it is called, is made up 
of two basiventrals with a third piece namely the infraventral. 
An important point worth noting is that the vertebra of the 
tail region of Lacertilia has a fibrous layer running right through 
the middle zone of each vertebra; owing to the existence of 
this fibrous band, a weak spot in the centrum as well as in the 
arch arises rendering possible the caudal autotomy. 

I have shown in collaboration with Chatterjee (34) that 
in Ophidia there is not only the supradorsal at the mid-dorsal 
position of the cartilaginous arch as in Triton vulgaris, but there 
are also two connective tissue arches respectively placed ante¬ 
riorly and posteriorly to the cartilaginous arch. The anterior 
connective tissue arch bears a dorsal spine which is very promi¬ 
nent. The connective tissue arches become osseous without 
passing through the stage of chondrification as in Urodela. 
Between the anterior connective tissue arch of one vertebra 
and the posterior connective tissue arch of the previous vertebra, 
there is no fibrous layer corresponding to that of the Triton 
vulgaris, but the first arch articulates with the second at two 
extra points. These are the zygosphene and zygantrum to 
which 1 shall refer later. 

In the tail vertebrae there are cartilaginous arches composed 
of basiventral elements but the arch itself is not a complete one 
in the sense that the side pillars alone remain there without 
a floor. The free ends of the inllars continue as connective 
tissue rods. These connective tissue rods become osseous 
without passing through the stage of chondrification, so that 
in the adult vertebra there is a thin membrane bone element 
continuous with the free end of the incomplete heemal arch. 
The latter has a stout osseous base directly derived from the 
cartilaginous arch ‘element itself and this base must not be 
confused with the so-called base of the basidorsal. 

In Chelonia the neural arch of the cervical vertebrae has 
been noted by the previous workers to be just like the neural 
aretes of other Reptilia. I have shown in collaboration with 
Mukherjee (35) that each vertebra has in addition to the carti¬ 
laginous arch in the middle, the anterior and posterior ccmnective 
tissue arches which ultimately become membrane bone arches. 
The cartilaginous arch unlike that in other Reptilia has no third 
element, i.e., the supradorsal is absent. In the thoracic region 
the basidorsals (cartilaginous arches) stand on the centrum like 
perpendicular pillars with a third piece of cartilage as the roof, 
on which the carapace rests. Here, there is no trace of a mid¬ 
dorsal spine. These cartilaginous arches are located in the 
beginning, at the middle of a centrum, but at a later stage 
these are shifted towards the anterior end of a centrum, but 
instead of deflecting backwards they are deflected forwards 
towards the precedirig vertebra. Goette (17) has stated that the 
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arches at this region are placed at the intervertebral region, 
i.e., between two consecutive contra but that is not the fact. 
The rest of the centrum has connective tissue arch which is 
really two in number, one being placed just after the cartila¬ 
ginous arch and this is the posterior connective tissue arch; 
while at the extreme end the other connective tissue arch is 
the anterior connective tissue arch of the next vertebra tliat 
has come to lie here due to forward shifting; the spinal nerve 
comes out through these connective tissue arches corresponding 
to the middle of the centrum. In the tail region the neural 
arch is like that of the cervical vertebra in having rhe supradorsal 
clement. The hsemal arch in most cases is like that of Lacer- 
tilia, but specimens with short tail, have no haemal arch at all. 

In the vertebral column of Orocodilia the neural arch is 
made up of cartilaginous basidorsals with a supradorsal at the 
mid-dorsal position. The haemal arch in the tail region is 
exactly like that of the Lacertilia but in the trunk region it is 
made up of mescnchymatous tissue which remains as such 
throughout life. 

Riper (41) recently has stated that in Aves the neural 
arch is made up of two elements: (i) the basidorsals of either side 
located at the anterior end of the centrum with a supradorsal on 
the top, and (ii) interdorsals completing the neural arch. Piiper’s 
above conclusion has not been confirmed by subsequent workers. 
Dawes (3) in his recent paper on Mammalian vertebral column, 
concludes, however, that the neural arch is entirely made up 
of basidorsal of either side with the supradorsal at the top to 
complete it. The difference in the character and composition 
of nuclei at the formative stage of the vertebral column on which 
Piiper bases his conclusion is rather difficult for me to support 
in the example of the common fowl investigated by me. 

Pii])er (41) has also mentioned that in Aves each vertebra 
has basiventralia connected with the bases of the basidorsals 
80 as to form the centrum. Dawes (3) has stated the same thing 
in mouse and supported Piiper. Dawes did not work out the 
tail region and one could see that in the caudal vertebrae 
investigated by us, a haemal arch is composed of three 
elements, viz., two basiventrals one on each side with a third 
median piece called the infra ventral. If We accept Dawes' view 
then there would be two haemal arch elements, one forming the 
centrum and the other forming the hsemal arch proper, but this 
is not possible. In the thoracic region the presence of 
basiventralia in the form of mesenchyme, escaped the notice of 
Dawes. 

Foemation or the ribs and the bib-bbaeing processes. 

Ribs are of two kinds ; (1) upper or dorsal rib, and (2) lower 
or pleural rib. Both kinds originally were connected proximally 
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with the basiventral. Gagenbaur (13) stated that they Were 
derived from the axial skeleton, while Hasse (21) and Emelianoff 
(4) considered that they were independent structures which 
acquired connexions with the axial skeleton. In Eiasmobranch 
the ribs are of dorsal type. In lower Teleostomes such as Amm 
calm, the ribs are of pleural type. In higher Teleosts both typos 
are present. The u]>per ribs are usually attached by ligaments 
to the sides of the centnim. 

Gray (20) has stated that in Urodela such as Triton vulgaris, 
the rib-attachment is effected as in Amniota by the inward 
growth of the rib passing beneath the vertebral artery so as to 
reach the centrum. Sucjh a structure, therefore, is exactly 
homologous with the capitulum or the head of the rib. The 
rib-bearer or diapophysis joins, however, not only the dorsal 
fork of the rib (i.e. tubercle) but also establishes secondarily 
an osseous connection with the neck of the capitulum above the 
vertebral artery. This mode Was mistaken by the previoas 
authors for the true capitulum. 

1 agree with Gray with regard to the formation of the rib 
and the rib-bearing process although certain structures associated 
with them had not been mentioned by him. Attached to the 
anterior and the posterior connnective tissue arches, are two 
lateral connective tissue rib-bearing processes. These arches 
have basiventralia comy)osed of connective tissue. 

Goeppert (14, 15) thought that there was a hfemal arch 
element (basal stump) attached to the lateral sides of the centrum 
of a lower Urodela like Necturm maculatus. Each haemal 
arch from the middle of its length, sends off a dorsal process 
which he called the rib-bearer. This passes up dorsally to the 
neural arch and laterally to the vertebral artery and then 
continues dorso-caudally over the surface of the arch. The rib- 
bearer is separated from the cartilaginous arch primarily by a 
coimective tissue which subsequently becomes osseous. Further 
o£E from the side of the rib-bearer, the basal stump continues 
horizontally and the rib is a mere prolongation of this element. 
Still more lateral to this, the rib assumes its distinct form and 
dorsal process of this extends towards the vertebra and becomes 
the dorsal head of the rib. This dorsal process is prolonged 
into a ligament which is attached by its other end to a mass of 
bony tissue developed on the outer side of the rib-bearer. 

According to Gamble (12) the mesenchymatous condition 
of the rib (which he calls as its proton) and the rib-bearer are 
made up of a large number of cells which aggregate in contrast 
to the proton of parapophysis. The first cartilage to appear 
is the basal stump. Later, the parapophysis is formed as a 
dorso-lateral outgrowth. The first cartilage of the rib appears 
distally and later mesially. The first cartilage of the rib-bearer 
appears at the side of the neural arch. Next, this grows ven- 
traJly and fusep wilh the distal end of the parapophysis, and ia 
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prolonged dorso-caudally over the outer surface of the neural 
arch. The proximal end of the rib is relatively high in the second 
and third vertebras, i.e., it is on a level with the base of the 
neural arch. The parapophysis of the vertebrae in which the 
rib is high, does not lie in a horizontal plane, but extends dorso- 
laterally and approaches the rib-bearer. The rib-bearer and 
the parapophysis do not fuse until relatively late, while the rib 
becomes attached to the rib-bearer, before the rib-bearer and 
the parapophysis could come together. In the second and 
third vertebrae, the capitular as well as tubercular heads of the 
rib be,come attached to the corresponding jnoeeases of the rib- 
bearer. Tn these vertebrae, the parapophysis takes no dhect 
part in the formation of the rib-attachment-api>aratus. Here, 
the rib is an independent element from the standpoint of its 
origin, and the connection with the basal stumj) is efiected at a 
later stage. In the trunk verte])rae the rib is on a level with the; 
middle of the centrum. Here, the capitulai' head of the rib 
is attached to the paraj)ophysis, and the tubercular head makes 
no oomiection with any process of the rib-bearer. The rib- 
bearer fus(;s with the distal end of the parapophysis and as 
gro^Hh takes place the distal end of the parapophysis extends 
laterally past tliis point of union. Between the dorsal and 
ventral cartilaginous rods as well as the transverse processes 
and the two heads of the rib in the second and third vortebrje, 
procartilaginous cells persist which by proliferation bring 
about the elongation of the transverse processes. In the trunk 
vertebrae the head of the rib has no cartilaginous connection 
with the rib-bearer, therefore this provision just referred to, is 
necessary only in the case of the parapophysis. 

Regardii g the development of the rib-bearing process and 
the rib neither Goeppert’s (14, 15) nor Gamble’s (12) statement 
is correct. According to my investigation carried on in 
collaboration with Das (38), 1 found that in a trunk vertebra 
the first chondrificatioii that takes place with regard to the 
formation of the rib and its associates, gives rise to the formation 
of the basal stump which occurs on the lateral side of the centrum 
at the middle height of the latter. 8oon after this a separate 
centre of chondrification starts up from the outer side of the 
basidorsal almost from its base and proceeds in the ventral 
direction to meet the horizontal basal stump. This down¬ 
ward piece of cartilage is the rib-bearing process or the diapo¬ 
physis. The vertebral artery lies within the space dorso-laterally 
enclosed by the rib-bearing process and ventrally by the basal 
stump. Both Goeppert and Gamble have stated that the rib- 
bearing process is situated on the side of the basidorsal and it 
attains towards the dorsal side a considerable height. As a 
matter of fact in a trunk vertebra barring the first four, the rib¬ 
bearing process does not proceed along the side of the basidorsal 
towards the dorsal side. In the mean time another chondri- 
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fication starts at the free end of the basal stump. This is a 
rod-like structure representing the ventral fork of the rib. At 
the anterior portion of the vertebra where the anterior connec¬ 
tive tissue arch is present, connective tissue cells aggregate on 
the lateral side of the centrum and on the same level as the 
basal stump. The same thing happens towards the posterior 
region of the vertebra. The two connective tissue aggregations 
on the two lateral sides of the basal stump are responsible for 
the formation of these horizontal wing-hke osseous processes, 
which Wilder (48) has referred to in his description of the adult 
skeleton of N^rus macvkitus. 

T^e connective tissue aggregations in question becomes 
osseous as a membrane bone without passing through the stage 
of chondrifioation. At the posterior portion of the vertebra 
in the region where the posterior connective tissue arch is present 
another condensation of connective tissue takes place and this 
condensation is at the dorso-lateral sides of the arch, at a higher 
level than the upper end of the rib-bearer. From these conden¬ 
sations a thin band of connective tissue cells is produced towards 
ventro-Iateral side This condensation of connective tissue 
cells at the dorso-lateral sides of the posterior connective tissue 
arch in each vertebra, becomes osseous as membrane bone, 
without passing through the stage of chondrification forming 
thus the diapophysib of the posterior membrane bone arch 
The projected ventro-Iateral bands of connective tissue arti¬ 
culate with the rod-like rib a little below the tip, forming the 
dorsal fork. So that the dorsal fork of the rib of the trunk 
vertebra other than the second, third, and fourth is a membrane 
bone. 

We should like to point out that the connective tissue by 
means of which the membrane bone diapophysis articulate-* 
with the cartilaginous rod of the rib, is never wholly converted 
into bone, but only that portion of it becomes membrane bone 
which forms the dorsal fork of the rib Between the dorsal 
membrane bone fork of the rib and the membrane bone diapo¬ 
physis, the connective tissue band becomes a ligament. At^ a 
later stage all the cartilag’nous structures of the rib and its 
associates become osseous Subsequently the space between 
the membrane bone diapophjsis on the dorsal side and the 
osseous basal stump at the ventral side, which was filled up 
by loose connective tissue, also becomes a thin sheet of vertical 
membrane bone. Wilder (48) in his description has referred 
to this and Gamble (12) has shown it as merged in with -the 
nb-bearing process. In the vertebree from second to fourth 
the cartilaginous rib-bearer starts a little higher in level, and 
it is formed along the side of the basidorsal. In the meantime 
the cartilaginous basal stump goes upwards to meet the lower 
top of the rib-bearing process. The vertebral artery lies wit^ 
the curvature of the basal stump. The rib-bearer sends side 
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processes, oni' from the dorsal portion, a little downwards from 
the dorsal extremity and the other from the point of union of 
the rib bearer and the basal stump. Really speaking the ventral 
projection is the prolongation of the basal stump. The rib has 
two forked jjrocesses which are articulated with the two dorso¬ 
lateral projections just mentioned. The ventral fork of the rib 
is the capitulum and dorsal fork is the tuberculum. These 
two forks meet together to form the base of the rib. We like 
to point out here that Gamble (12) is wrong in saying that the 
rib is an independent structure and has nothing to do with the 
basal stump or parapophysis. As a matter of fact the basal 
stump articulates first with the rib-bearer and from the point 
of this union the basal stump k prolonged as a lateral outgrowth. 
The posterior membrane bone arch has the membrane bone 
diapophysis which can be found as a projection on the top of 
the cartilaginous diapophysis. So in these vertebras when 
ossification takes place the two forks become stout rods of bone 
articulating with the two rods, one with the dorsal diapojihysis 
and the other with the ventral parapophysis. 

[n Sana temporaria and Bufo melanostictm diapophyses 
are present on the two dorso-lateral sides of the cartilaginous 
neural arch but distinct ribs are absent. I (29), however, 
noted the presence of ribs at the free ends of the diapophyses 
of 2nd, 3rd, and 4th vertebrae in the cases of Bombinator igneus 
and Xcnopm Icevis representing Anura. Ridewood (45) is 
Hiistaken when he says that in Xenopus the 2nd, 3rd, and 4th 
vertebrae have no diapophyses. As a matter of fact, there are 
small diapophyses qidte distinct from the ribs, and even the 
suture for the articulation could be easily detected. Ridewood 
could not d< tect tliis simply because he did not cut sections, 
but only had examined whole momits of the larval stages ; and 
he himself has admitted that his enquiry makes no pretence to 
completeness. 

I have already told you that in Reptilia there is a suture- 
like structure at the base of each basidorsal proper, which is 
really the diapophysis, and with it or its jjrotuberance as in 
Oecko verticillatus, the rib is articulated. In Ophidia there are 
big lateral projections from the so-called suture of the neural 
arch with which the ribs are articulated. These projections 
are quite prominent even in the adult skeleton. At the base 
of the tail in Reptilia in general the rib, which is an independent 
structure, becomes fused with the diapophysis (suture-like 
structure) and in the adult condition looks like a big transverse 
process. In case of Chelonia in the thoracic region the ribs 
are fused with the dermal lateral plates of the carapace. 

In Aves and Mammalia the ribs have generally two facets, 
the capitulum and the tuberculum. The capitulum is 
articulated with the centrum the ventral portion of which is 
provided with the basiventralia existing in a mesenchyraatous 
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condition, while the tuberculum is articulated with the dia¬ 
pophysis of the neural arch. In the caudal vertebrae there are 
no ribs in both classes. 

Formation of the articulations. 

In the formations of articulations in the vertebral column 
in the Vertebrate series We generally get the following :— 

1. Zygapophyses—^pre- and post-. 

2. Zygosphene and zygantrum in Ophidia. 

3. Articulation of the ribs with the rib-bearers of the 

diapophyses. 

4. Articulation of the centra of the vertebrae. 

The pre- and post-zygapophyses are found between the two 
consecutive cartilaginous neural arches in almost all the dijEferent 
classes of Vertebrata except Elasmobranchs where there arc 
no articular processes between the arches. In Toleostean fish 
where there are big gaps between two consecutive neural arches, 
this sort of pre- and post-zygapophyses cannot confer rigidity. 
In these fishes, mesenchymatous cells aggregate on the two 
dorso-lateral aspects of the extreme posterior surface of the ver¬ 
tebral centrum which curves upwards to meet the basidorsal 
of the next vertebra, but none has stated as to how they are 
actually formed of the two pieces, namely, the pre- and post-zyga¬ 
pophyses. The formation of zygapophyses has not been touched 
in this direction by Gadow, Schauinsland, Piiper, and Dawes. 
Miss Platt (42) who mainly worked on the development of the 
skull of Necturm, incidently said that the neural arches become 
connected with one another at their dorsal extremities by a 
pair of longitudinal bars of procartilage, which break up into 
■two, so as to form articular facets. Miss Platt did not mention 
how it breaks up into two. All the other workers did not 
attempt the solution. 

In all the cases investigated by me either independently 
or in collaboration with my students, we found that on the lateral 
aspect of the posterior portion of the baekwardly projected 
supradorsal or where there is no separate supradorsal, on the 
mid-dorsal area of the basidorsals, two aggregations of sclero- 
tomic cells exist. These aggregations of sclerotomic cells 
continue caudally to reach in a slanting manner the cartilaginous 
neural arch of the next vertebra. Eventually the elongated 
sclerotomic rod thus formed becomes procarfcilaginous. When 
this rod is in a procartilaginous stage, migratory connective tissue 
cells from the exterior enter and cut the procartilaginous rod 
into two. The direction of the migratory cells varies, sometimes 
it is straight, but in most cases it is curved. A synovial cavity 
is formed starting from the periphery towards the centre, within 
the track of the migratory cells. The recent workers like Piiper 
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(41) and Dawes (3) failed to mention the existence of these 
migratory cells. 

I have already mentioned that in the Ophidia the anterior 
connective tissue arch joins with the posterior connective tissue 
arch of the previous vertebra, forming two points of articulation 
and, therefore, in a transverse section passing through the 
intervertebral portion, two additional dorso-lateral articulations 
are found which are called the zygosphene and the zygantrum 
respectively. Although in the intervertebral region of Ophidia, 
there is no librous layer like that of Urodola, the flexibility is 
still possible on account of the existence of these extra points 
of articulation. The zygosphene and zygantrum are actually 
formed when a strand of migratory raesenchymatous cells 
enter through the points of union of the anterior connective 
tissue arch with the posterior connective tissue arch of the 
previous vertebra. These connective tissue arches become 
osseous without passing through the stage of chondrification 
as membrane bones, and in between the two arches tlirough 
which the migratory cells enter, a synovial cavity occurs splitting 
the line of migratory cells into two. 

Cause of oRiom of different types of vertebr/e. 

In Vcrtebrata we generally find four forms of vertebrae, 
namely prococlous, opisthocoelous, ampliicoelous, and hetero- 
coelous. In case of fishes We got exclusively the ampliicoelous 
form. Mammalian vertebrae are near approach to the arnphi- 
coelous type. In Ampliibia and Rej)tilia all the types (ixcejiting 
the heterococlous one occur ; in Ohelonia sometimes We get 
the first three forms even in one and the same individual. In 
Aves we get almost exclusively the heterocoelous form. 

The importance of the inquiry as to the causes of the 
formation of different forms of vertebrae is self-evident as different 
forms of vertebrae furnish characters diagno.stic and useful for 
classification. 

Although Gegenbaur (13), Goette (16, 17), Gadow (9, 10, 
11) and all other principal workers on the development of the 
vertebral colunm are of opinion that there is no basic principle 
in the mode of development of the vertebral column, we hold 
a different opinion. I (28, 29, 32, 33, 36, 37) have already 
shown that basic principle exists in the method of development 
And is the same everywhere. After the formation of the peri- 
chordal tube round the notochordal sheaths, the vertebral 
portions of it acquire connections with the dorsal arcualia 
(neural arches) which sit at the dorso-lateral corners outside the 
periohordal tube.* The vertebral portions of the perichordal 
tube soon become cartilaginous whereas the intervertebral 
portions remain for a long time membraneous or procar tilaginous. 
I (28, 29, 30, 32, 33, 36, 37) have already stated that through 
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these intervertebral zones of perichordal tube, the migratory 
connective tissue cells enter. 

The migratory connective tissue cells normally enter through 
the intervertebral portions of the perichordal tube, the direction 
of in-flow being at right angles to the notochord and to the 
vertebral column. I believe that procoelous, opisthocoelous, 
amphicoelous, and heterocoelous conditions are produced by 
various types of movements of the embryos at the time when 
the migratory connective tissue cells enter actively the inter¬ 
vertebral zones of the perichordal tube. 

We all know that the fry of fish progresses through water 
by the movement of the fins, keeping its body almost straight. 
The migratory connective tissue cells go in through the inter¬ 
vertebral portion, almost at right angles to the notochord. 
The migratory connective tissue cells are arranged side by 
side into three bands. The middle band is responsible for the 
formation of the intervertebral ligament. The two lateral 
bands of coimective tissue cells which ultimately become carti¬ 
laginous, give rise to the formation of two surfaces of the centrum. 
In case of other classes where we get the amphicoelous vertebrae, 
the migratory connective tissue cells are arranged at right 
angles to the notochord. In case of Mammals only, instead of 
giving rise to an intervertebral ligament like that of a fish, the 
middle band of connective tissue cells is converted into a fibro¬ 
cartilaginous disc. 

It has been observed that a tadpole moves through water 
oscillating the whole body except the head, in such a manner 
that the greatest degree of oscillation will be located at the 
free-end of the tail, in both clockwise and anticlockwise directions 
and thereby the course of migratory cells is changed with refer¬ 
ence to the notochord, from the perpendicular direction to a 
curve, the concavity of which is directed towards the cephalic 
end ; and the formation of a procoelous condition thus takes 
place. The formation of actual procoelous condition takes 
place when a split is formed as a synovial cavity within the zone 
of curvature formed by the migratory connective tissue cells 
which ultimately become cartilaginous. In case of Lacertilia, 
like Calotes, we could get the same sort of condition in the 
intervertebral regions. Similarly a rhythmic movement of the 
snake embryos is perceptible even from outside the eg^-shell, 
which is rather soft and papery. The vertebrae of snakes are 
generally procoelous. It may be inferred from the mode of 
oscillation that the particular mode of movement of the snake 
and lizard embryos is responsible for the formation of this type 
of vertebra. 

In the case of Newts which were reared in the laboratory, 
I observed that during their post-embiyonic stage they move 
forward in the water by oscillation of their head ends, and the 
migratory cells in this case, therefore, pass in a curve the direc- 
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tion of which is opposite to that of the tadpole; thus an opis- 
thocoelous condition arises as a synovial cavity is produced 
along the line of migratory coimective tissue cells which split 
into two lines. 

Confirmation of these views is obtained in Chelonia where 
the head and neck move in such a way as to give rise to an 
opisthocoelous condition, while the tail moves in a different 
direction so as to bring about a procoelous condition; and the 
middle region of the body, remaining stationary due to the 
early formation of the carapace, produces the araphicoelous 
condition. 

The heterocoelous form occurring in most birds, is a modi¬ 
fication of the procoelous type. Like the tadpole, the embryo 
of bird oscillates its body in clockwise and anticlockwise direc¬ 
tions, while its head is kept in a so-called stationary condition. 
We will have to infer the mode of movement of the embryo 
where it is not perceptible, from the direettion and the line of 
curvature pursued by the migratory connective tissue colls. An 
analogy may bo drawn from that of the tadpole, where we can 
actually see that during this stage the forward movement 
is effected by the oscillation of the tail its head remaining sta¬ 
tionary. An interesting point with regard to the formation 
of the heterocoelous vertebra, is tlxat the migratory connective 
tissue cells instead of entering the intervertebral region in one 
band as m the case of the tadpole, enter the intervertebral 
region as three consecutive bands like those in the fry of fish. 
The middle band quickly becomes a ligament, whereas the two 
lateral bands eventually become procartilaginous. As in the 
tadpole, we get here a condyle and a socket formed from the two 
lateral bands, and in between the two, there forms a s3aiovial 
cavity in which lies the intervertebral ligament. In order to 
accommodate this intervertebral ligament, the condyle has a 
depression on the top. The depression is also present in the 
socket, but it would not be so prominent as on the condyle for 
the simple reason that the socket itself is a depression or cavity. 
As the condyle moves against the socket in both clockwise 
and anticlockwise directions, with the ligament in between 
them, the depression of the condyle presents also a convex 
surface when viewed from the dorsoventral direction. Thus 
we get a heterocoelous saddle-shaped vertebra with socket 
in the anterior and a condyle at the posterior end, by the modi¬ 
fication of the procoelous type. 

In conclusion, we may say that those animals that oscillate 
their cephalic end during the embryonic stage when the 
migratory connective tissue cells are entering through the 
intervertebral zones of the perichordal tube, have opisthocoelous 
type and those that move their posterior portion of their body, 
keeping the anterior end in a so-called stationary condition, 
generally have a procoelous type, and when there is an inter- 
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vertebral ligament intervening between the ball and the socket 
of a procoelous vertebra we find a depression on the top of the 
ball of the centrum for accommodating the intervertebral 
ligament, and a heterocoelous vertebra is thus formed, while 
those that do not oscillate their body but keep it in a so-called 
stationary condition generally have amphicoelous vertebra. 

SuMMAEY AND CONC3LTJSION. 

In summarizing the modes of development of the centra, 
I would like to point out that, however diverse the processes 
appear to be, the centra in the different classes have not been 
evdved one independent of the other as the various theories 
put forth by the previous authors suggest, but all the vertebrates 
have followed the same course of development, maintaining an 
unbroken continuity from one end of the vertebrate series to 
the other, quite in keeping with the Darwinian theory of gradual 
evolution. 

In all vertebrates except in Elasmobranch, the perichordal 
tube alone gives rise to the formation of the centra. The 
arches or their bases do not take any primary part in the centrum 
formation, as assumed by previous authors, but acquire connec¬ 
tion with the centra secondarily by coming to sit directly on 
the perichordal tube which was formed independent of the arch- 
elements. The perichordal tube, in all cases except in the 
Elasmobranchs, is formed by the aggregation of the skeleto- 
genous layer around and outside the notochordal sheaths. 

According to the manner of chondrification and ossification 
of the perichordal tube, condition having semblance to 
epichordal or perichordal type arises. 

In Elasmobranch the centrum is formed by the chondri¬ 
fication of the sheath by the help of migratory skeletogenous 
mesenchymatous cells. 

Starting from the Teleost in which the perichordal tube 
is converted into a bony ring distinct from the notochordal 
sheath, we can pass through the whole series of Amniota. In 
Anamnia, Herring forms an exception inasmuch as both the 
sheath and the perichordal tube ossify. In Amniota the peri- 
chordal tube in the VOTtebral r^on is converted primarily into 
two concentric rin^^, an inner and an outer. 

Although the majority of vertebrates conform to the linear 
series with regard to the centrum formation, such types as 
Amia among Teleost, Ambfyatoma among Urodela, Bombinator md 
Xenopus among Anura, show deviations from this fundamental 
g^und plan, as a result of adaptation to changed conditions of 
life. 

The neural arch in Urodela is composed of a pair of carti¬ 
laginous arches called bcmdorsdlia and a dorso-median plate 
oa&ed These arch elements are present in almost 



(33) Presidential Address. 339 

all tjb.e vertebrate series. Thoracic and caudal vertebrae of 
Chelonia, Lacertilia, Ophidia, Crocodilia, Aves, and Mammalia 
retain the Urodelan condition. The Teleost, the Anura and the 
cervical vertebrae of Chelonia, however, differ from the above 
series in having no distinct supradorsal; and some Teleost, 
viz., Haddock is peculiar in having the basidorsal arch as 
membrane bone. 

In Urodela, Ophidia and in the cervical and caudal vertebrae 
of Chelonia two additional arches are found associated with 
each centrum. Both these arches are in the beginning, composed 
of connective tissue, one being placed anterior, and the other 
posterior to the basidorsal. At a later stage owing to the 
ossification and fusion, these three separate arch elements lose 
their distinctness ; therefore in an adult vertebra, a single neural 
arch appears to be present. The existence of these membrane 
bone arches was missed by the preWous workers. Another 
point that was missed by the previous workers, is the degenera¬ 
tion of the cartilaginous cells which occur together with the 
inner perichondrial layer of the basidorsals of Urodela, because 
none of the previous workers traced the development beyond 
the stage of chondrification. By modification of the above 
condition such as the addition of anterior and posterior mem¬ 
brane bone arches in Urodela, Ophidia, and in cervical and 
caudal vertebrae of Chelonia, or of their displacement as in the 
thoracic vertebra of Chelonia, the seemingly diverse types of 
the neural arch have been evolved. The dorsal spine, in all 
eases except the thoracic vertebrae of Chelonia, is formed from 
the mid-dorsal roof of either the anterior connective tissue arch 
or from the supradorsal. 

With regard to the lower arch of the vertebra, it may be 
said that this arch is comjwsed like the basidorsal, of a pair of 
basiventralia and a median infraventral piece. This typical 
condition is found generally in the caudal vertebrae of Urodela, 
Reptilia, and Mammalia. Considerable modifications of this 
typical condition occur in different groups and also in different 
regions of the vertebral column, fn the trunk region of the 
Elasmobranchs and in some of the Teleosts, a pair of basiven¬ 
tralia exist as divaricated transverse rods. In Urodela, the 
rods are very thin and membraneous except in Necktrus where 
they are cartilaginous. In those groups where the basiventral 
element persists in the membraneous condition throughout 
life, the previous workers by mistake have stated that the basi¬ 
ventral element fuses with the other elements to form the 
centrum such as in Anura, Aves, and Mammalia. In some 
cases the basiventral elements of either side fuse into one piece 
to form, either the intercentrum as in Lacertilia, Ophidia, and 
Aves, or the hypochwdal structure as in Teleost and in the 
urostyle r^on of Anura. In those animals where the dorsal 
arcuaJia are made up of two membrane arches in addition to 
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the cartilaginous arch, the ventral arcualia show similar com¬ 
position in being made up of two membrane bone elements in 
addition to the cartilaginous arch. The basiventralia also 
degenerate like the basidorsals in Urodela and here also there are 
spinous processes on the mid-ventral surface of the anterior 
connective tissue aiches. Thus however diverse the vertebral 
arches may seem to be, all of them can be derived from the 
Elasmobranch type with some additional structures. 

The transverse processes or diapophyses are present in the 
vertebrate series from Amphibia to Mammalia. The position 
of the diapophysis varies in the different classes and in some 
cases varies even in a particular genus. 

In Anura the transverse process is given off at a higher 
level from the base on the outer side of the basidorsal. The 
position of the transverse process is somewhat on a lower level 
in Aves and Mammalia. Triton vulgaris which is a higher 
Urodela, has diapophysis or transverse process in the form of 
a big piece of cartilage situated at the lateral side of the basi¬ 
dorsal at the middle height, but the continuity between the 
cartilaginous cells of the transverse process and of the basi¬ 
dorsal, is interrupted as if by a partition between the basidorsal 
and the diapop^sis as constituted by a perichondrial layer. 
In a lower Urodela, such as Necturus maculatus, the diapophysis 
is a cartilaginous rod situated at a lower level than that of Triton 
vulgaris; but this rod is bent downwards to meet the para- 
pophysis of the basiventralia. A point to be noted here is 
that the posterior membrane bone arch in this form of vertebra, 
possesses in addition to the above, a membrane bone diapophysis. 
In Reptilia, the diapophysis is situated at the base of the carti¬ 
laginous basidorsal as well as at the base of the anterior or 
the posterior membrane bone arches as the case may be. This 
diapophysis has a peculiar cellular structure and was mistaken 
by all the previous workers for the base of the basidorsal 
proper. 

TSie rib, in all cases, starts its development within the lateral 
myotomes, away from the vertebra, and subsequently is articu¬ 
lated with the diapoph^is. Those ribs that have two facets, 
one of the facet, viz., the tuberculum articulates with the 
diapophysis, and the other facet capitulum articulates either 
with the parapophysis or with the membraneous basidorsal 
element as in the case of Aves and Mammalia. In the adult 
condition when we see a dried skeleton, this membraneous 
basiventral loses its identity and we find that the capitulum 
articulates with the body of the vertebra. 

In some Anura, such as Xerwpie and Bombinaior, and in 
some Beptilia, such as Gecko verticilMus and Tropidonotua 
stokim or Naja ruija, some of the ribs are articulated with the 
diapqphyses in the larval stage, but in the adult stage tiiese 
are fus^ with diapophyaes, thus producing a long massive 
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straoture seemingly like diapophysis, the identity of the ribs 
being lost by fusion. 

Successive vertebrae were yoked together in the embryonic 
stage by longitudinal processes that were cut into two halves 
by a strand of migratory connective tissues so as to produce 
the articular facets. The migratory connective tissue cells also 
divide the originally continuous perichordal tubes into vertebral 
segments, and the direction followed by these cells determines 
whether the centrum is to be of precocious, opisthocoelous, 
or ampifoelous type. The course followed by the migratory 
cells was influenced by the movement of the embryos. The 
synovial cavity originates by the splitting and separation of 
the split halves of the strand of migratory cells while passing 
across the intervertebral region of the perichordal tube and its 
associated arches. 

The developmental history of the vertebral column as revealed 
^by the study of comparative embryology’ is full of significance, 
in as much as it shows a kind of uniformity in the processes of 
growth and differentiation, and gives a glimpse into the mode 
of origin, formation, and modification, of a morphological charac¬ 
ter which has a great bearing on the evolutionary history of the 
vertebrates. The results of embryological studies are of great 
value to the evolutionist. They probe deei>er into the mysteries 
of life, by largely opening u]) the field of investigation into the 
realm of experimental studies on the embryonic life of animals. 

The boundaries of knowledge, we know, are ever widening, 
and the edifice that the scientists have to build is colossal. 
But even the smallest contribution that one can make towards 
the realization of the objective, can give a supreme satisfaction 
that nothing else can give. And we must proceed with sincere 
humility in om* endeavours to solve the wonderful mysteries 
of Nature that yet remain unsolved. 
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Abstracts. 

1. Observations on Stomatophora from the seminal vesicle 

of the earthworm, Pheretima posthuma. 

H. N. Ray and P. Chattebjbe, Calcutta. 

In this paper the authors have put down the results of their detailed 
observations on the suckers of the haplocyte gregarinc Stomatophora, 
found in the seminal vesicle of the earthworm, Pheretima posthuma. in 
Calcutta. They have compared their accounts with those of Hesse 
(Arch. Zool., 1910) and Bhatia (Q.J.M.S., 1924) and have discussed this 
structure in detail. 

2. Observations on a gregarine from the alimentary canal 

of a beetle, Aulacophora fovierollis. 

H. N. Ray and P. Chatterjee, Calcutta. 

Bhatia and Setna in 1924 (Parasit., Vol. 16) described a gregarine 
from this beetle in the Punjab and called it Caulocephdlua crenata g., et. sp., 
nov. Tlie generic name, according to the above authors, is based on the 
cauliflower-like structure of the epimerite. The piosent authors have 
very carefully examined this gregarine from this beetle in Calcutta and 
have given a full account of their observations on both fresh and stained 
material. The cauliflower-like appearance of the epimerite in their opinion 
is due to the action of the fixative or any other disturbing factor introduced 
during the process of examination. Discussion on the dual nature of 
the karyoeome and their staining properties, as revealed by using several 
stains, has also been given in detail. 

3. Eimeria from Natrix piscator (Schneid). 

H. Ray and M. Das-Gxjpta, Calcutta. 

Oocysts of this Eimeria were found in the rectum of N. piscator 
in Calcutta. Oocysts measure 29g—31g. in length and 22-5g-24'5g in 
breadth and in this respect differ from E. tropMonoti Guy^uot from T. 
natrix. Oocystic residuum is present. Sporocysts are spindle-shaped 
and measure 14/tX4p to 6/4. The authors propose to call it Eimeria 
pisoatori n.sp. 

Along with this Eimeria they have foimd oocysts of another Eimeria 
which is cylindrical in shape and measures 36/4x18/4. In this form 
too there is an oocystic residuum. Sporocysts measure 14/t-16/4X 6/t-8/4. 
They propose to call it Eimera cylindrica n.sp. 

4. On an Eimeria from Naja naja Linn. 

H. N. Ray and M. Das-Gxipta, Calcutta. 

This Eimeria was found in the faeces of a male cobra Naja naja. 
Oocysts when removed from the rectum showed an irregular mass of 
cytoplasm, but after being kept in 1% chromic acid for three days, the mass 
bwame round in outline. Sporooystic nxembrane is very thin, and in some 
oocysts sporozoites were seen to lie loosely without sporocysts. In this 
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it resembles Paracoceidium prevoti Lav. and Mesn. (1902). The ooc 3 ? 8 t 
is oval in shape and measures 18'8ft to 27’04ft in length and 18*8#t to 20'8/* 
in breadth. There is no oocystio residuum. The sporooyst is spindle- 
shaped and measures 14-6jiix6ft. The macrogamete has a micropyle 
which shows a button-like plug in fertilized ones. Schizogony gives 
rise to 6 to 8 spindle-Bha{>ed merozoites. The authors propose to call 
it Eimeria najae n.sp. 


6. Observations on Hyalosporina rayi n.sp. from Polydesmus 
sp. 

M. Chakeavaety and A. N. Mttea, Calcutta. 

Sporonts solitary with early intracellular growth; gometocysts 
spherical, measuring 96p-120p in diameter. Spores elongately oval 
with an outer hyaline investment and measuring 6-2pX4-12/x. On one 
side of the spore there is a cap-like stnioture which stains deep brown 
with Lugol’s solution. 


6. On the morphology and systematic relationships of a 
new Boloceroidid adinian from brackish water, with 
a note on asexual reproduction. 

N. Kesava Panikkab, Madras. 

One of the Boloceroidarians inhabiting the back-waters of Adyar 
and Ennore has been studied in detail. As it differs from the other Bolo- 
ceroidaria in certain important features, it is described as a new genus 
and species, Boloceraciis gopalai. Tentacular sphincters and ectodermal 
longitudinal musculature on the column are present. Spirooysts are 
absent from the colunm and there is no columnar sphincter. There 
is no sharp differentiation of mesenteries into macrocnemes and microo- 
nemes ; and the fertile mesenteries of the anemone include both the perfect 
and imperfect ones, though the gonads are usually borne by the latter. 
Directive mesenteries and siphonoglyphes are present. Asexual re¬ 
production is common in the anemone, mainly by the regenerative activity 
of the deciduous tentacles, the process being somewhat similar to that 
observed for Boloeeroidea, the nearest related genus. The systematic 
relationships of the anemone and the process of asexual reproduction 
are discussed. 


7. A study of the actinian Phytocmtes gangeticm, with notes 
on post-larval stages and the occurrence of pasdo- 
genesis in the anemone. 

N. Kesava Pantkkae, Madras. 

The habits, anatomy and post-larval development of the brackish 
water actinian Pkytoccetes gangetktu Aimandale have been studied. 
The mesenterial and tentacular arrangements of the Actinian follow the 
typical plan. Most of the specimens had six macrocnemes and two 
other cycles of microcnemes, with four cycles of tentacles, while a few 
had an incomplete fourth cycle of mesenteries and a fifth oycte of tentacles. 
Of the six pairs of macrocnemes, the eight Edwardsia mesenteries are much 
better developed than the mesenteries of the fifth and sixth couples, and 
even among the former set, those belonging to the first and second couples 
aK the most prominent. These features recall the fidnt Edwardsian 
bilateral (qrmmetry in the arrangement of the mesenteries seen in sonie 
of the primitive Halcampoid anemones. Acontia are present in a few 
of the older couples of mesenteries and this settles the position of the 
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genus Phytocoetea in the Halcampactiidse. The acontial cnidse include 
both penicilli and spinilee, but the majority of capsules belong to the 
former type, spirulse being scarce. The distribution of acontia and gonads 
studied in several specimens shows that their degree of development in the 
different mesenteries corresponds to the order of succession of macrocnemes. 
The mesenterial filament is fairly well organized, but the trifid portion of 
the filament is very small and the ciliated tracts are occasionally dis¬ 
continuous as in Scytophorua antarcticus, Halcampoideif purpurea, laoo- 
edwardsia mediterranea, and Limnactinia Icevia. The early phase of develop¬ 
ment appears to be quick as the tentacles appear very early in development. 
The adult organs like the acontia, filaments, etc., begin to appear even in 
the Edwarrlsia stage. These are fairly organized by the post-Edwardsia 
stage, which appears to be prolonged as the development of the last two 
couples of mesenteries is slow and the adult features appear before all the 
macrocnemes are well developed. Some specimens belonging to the 
Edwardsia and post-Edwardsia stages had well developed egg cells in some 
of the mesenteries. Tliis is strongly suggestive of the occurrence of pasdo- 
genesis in the anemone. Accounts of the habits, habitats, and distribution 
of the anemone are given. Structural and developmental features and the 
question of psedogenesis are discussed. 

8. On a new trematode from the intestinal cseca of a wigeon, 

Mareca pendope. 

M. B. Lal, Lucknow. 

A large number of these parasites were obtained from the intestinal 
caeca of the host which, when brought to the laboratory, showed symptoms 
of great lassitude and died the same night. The post-mortem revealed 
a heavy infection with Trematodes and Cestodes. 

The new form described in the present paper differs from the allied 
ones in the position of the genital pore, the number and arrangement 
of the ventral glands, the position of uterine coils and most strikingly 
in the anterior extent of the vitellaria. 

The details of its morphology and systematic position are discussed 
in the paper. 

9. On a nematode from Calotes versicolor. 

G. K. Chakravorty, Calcutta. 

A parasitic nematode of the genus Strongyluria has been found in 
the rectum of Calotea veraicohr. The different systems of the worm 
have been described in this paper. 

% 

10. On a Microfilaria from the blood of Columba intermedia. 
H. Ray and M. Das-Gupta, Calcutta. 

The morphology of a new species of Microfilaria, Mf. columhw n. sp., 
has been described in detaiL In the absence of any data about the adult 
worm it has been found difficult to state definitely whether this micro¬ 
filaria is the larval form of Etdimdana dava (Wedl). Study of the sections 
of different tissues of the host has shown that every tissue is infiltrated 
by this organism, and in certmn places it is foimd to rupture the capilla^ 
and invade the tissue proper. The mean percentage measurement in 
microns of 20 specimens is ^ven below 

C.S.—2-88; N—18*66; N. Exp.-8*20; Ex. P.—24-97; Ex. P.-Bx. 

Z.—6*62; Ex- Z 81-82; Ex. Z.-Gi. Z.—38-87; Gj. Z.—69*27; Ex. 

P..A.P.—64*87; Gi. Z.-A.P.—12 03; A.P.—81-31; L.S.Z.--93-18; L.S.Z.- 
S.—6*05. 

Mean total length of 20 specimexxs is 363-9fi. 
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11. Report on the filariasis enquiry at the Calcutta School 

of Tropical Medicine. 

R. Knowles, B. C. Bash, and S, Sundae Rao, 
Calcutta. 

This work aims at determining the limits of atmospheric temperature 
and relative humidity at which transmission of filariasis may occur. For 
this purpose batches of clean laboratory bred Culex fatigans were fed 
on suitable cases of filariasis (with filarial embryos in the peripheral 
blood) between 10 and 11 p.m. and put up in Barraud cages and exposed 
at 22 (so far) difierent combinations of temperature and humidity in the air- 
conditioning cabinet at which any temperature between SO^F. and lOOT. 
and relative humidity between 50% and 100% can be adjusted. In each 
case a microfilaria count of the patient’s blood was made before the feed 
(the counts varying from 7 to 252 microfilaria in 0’2 c.c. of blood) in order 
to ascertain the minimum number of microfilaria in donor’s blood which 
will be infective to mosquitoes. The survivors were dissected after 
varying intervals of time to test their infoctivity. 

The work is in progress and the report is a preliminary one. but 
already the following information has been gleaned :—, 

(i) Both temperature and relative humidity play a very important 
part in the transmission of filariasis in man by Ctdex fatigam. 

(ii) A minimum of 12 microfilaria per 0'2 c.cm. peripheral blood 
has been found infective to mosquito. 

(iii) At a temperature of 100"F. with relative humidity between 
60% and 100% transmission of filariasis does not seem possible as the 
mosquitoes do not survive till the infective period. 

(iv) At 90"F. and relative humidity between 60% and 70% no infection 
was seen in mosquitoes ; but at the same temperature and high humidities 
between 80% and 100% a fairly heavy percentage of survived mosquitoes 
were infected. 

(v) At 80‘’F. and 90% and 100% relative humidity a very heavy per¬ 
centage of mosquitoes become infect^, in fewjt 100% infection was seen 
at 80'’F. and 90% humidity. Thus this seems to be the optimum 
condition. 

(vi) At 70'’r. and humidities between 70% to 100% a fadrly heavy 
percentage of infection he« been seen, but at the same temperature and 
lower humidities no infection has been seen. 

(vii) At 60“F. and between 70% to 100% relative humidities a very 
poor percentage of mosquitoes get infection, and at the same temperature 
and lower humidities none are infected. At lower temperatures the 
longevity of mosquitoes increases but the minimum time taken for the 
development of the filarial embryos is very long; thus transmission in 
nature is doubtful at lower temperatures. 

(viii) The minimum time taken for the complete development of the 
filarial embryo to their appearance in the proboscis of the mosquitoes was 
9, 10, 20 and 47 days at 90'F., 80“P., 70®F., and 60'’F. temperatures 
respectively. 

(ix) All the evidence goes to show that the monsoon period of Calcutta 
is that at which maximal infection of fed mosquitoes occurs and that the 
cold weather is very unfavourable for the development of microfilaria 
in mosquitoes. 

12. Observations on the Echinocoems cysts from sheep and 

goats in Lucknow. 

G. S. Thapae, Lucknow. 

Much attention has been paid to this problem, particularly in view 
of the danger of ite transmission to man. A survey of the several cysts 
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recovered from various parts of the animals killed at the slaughter-houses 
in Lucknow has been made. Its occurrence in the lumbar region of a 
lamb is recorded for the first time. 

Certain experiments were performed by opening the cysts and keeping 
them in various nutritive solutions, and observations were made on the 
developmental stages outside the body of the hosts, particularly with regard 
to evaginations of the scoleces. 

The value of the different nutritive solutions is also discussed in the 
paper. 

13. Accessory ovaries in Megaseolex mauritii. 

T, K. Gopalachaei, Cocanada. 

In Megascolex mauritii accessory ovaries occur as almost a regular 
feature in the segment XIV. They are small and contain a few ova 
clustered into a compact mass. The ova arc as big as the ova of the 
normal ovary in the segment XIII, There is no outlet for the accessory 
ovaries. This is the first record of the occurrence of additional ovaries 
in Megascolex. 

14. The excretory system of the leech Hmidimria. 

M. L, Bhatia, Lucknow. 

The excretory system of this leech consists of seventeen pairs of 
nepliridia disposed metamerically in somites VIII to XXIV. The first 
four pairs lie anterior to the genital organs, the fifth and sixth pairs in 
the segments occupied by the epididymes and female genital apparatus 
respectively ; while the remaining eleven pairs occur in segments XIV to 
XXIV and co-exist with the testis-sacs in these segments. The typical 
nephridium of the testicular region consists of (a) the testis lobe, (6) the 
main lobe, (c) the recurrent lobe, (cf) the apical lobe, and (e) the vesicle. 

The testis lobe in the first six pairs of nephridia is very much reduced 
or even absent. 

In H. medicinalis, the testis lobe, according to Bourne, comes in close 
relation with the testis-sac, and the end of testis lobe is slightly enlarged 
to form a ciliated funnel. In Hirudinaria it is seen that the testis lobe 
of the nephridium presents any of the three following conditions: (1) 
it may either terminate far away from the testis-sac and thus have no 
connection with it at all, (2) it may become applied to the surface of the 
testis-sac, but still have no connection with the funnel, (3) the testis- 
lobe may enter the peri-nephrostomial sinus of the testis-sac and its 
free end may be connected with the funnel. 

15. Adaptive peculiarities of some estuarine species of the 

genus ThxtUmerm Lam. 

B. Peashad, Calcutta. 

In 1919 the author recorded Tkalassema branchiorhynchus Aimandalc 
and Kemp from the mud fiats at Chandipur, Orissa, on the coast of the 
Bay of Bengal, and described a new species, Thalassema microrhynchtts, 
from the same area. In discussing the adaptive peculiarities of the species 
in reference to the development of gill-like processes on the free ventral 
m ar gins of the probosciB of T. branchiorhynchus Annandtde and Kemp, 
the author pointed out that adaptive characters of exactly opposite 
type were developed in the two species living under identical conations, 
apparently in response to the physical and biological conditions of the 
area concerned. Beoently, when dealing with a collection of unnamed 
mateiW of the genus Thalassema in the Indian Museum from different 
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areas, the author described a new species Thalmasetna marshalH from 
the estuarine waters of the Irrawaddy, near Rangoon, Burma. In this 
species the gill-like processes, which are developed on the ventral free 
margins of the proboscis, are of an entirely different character from those 
devMoped in another species, Thalasaema arkati Prashad, from the 
Ssaidheads, off the mouth of the river Hooghli, The morphological 
significance of these aiiaptive structures is discussed and attention is 
directed to the fact that different species of the genus have evolved, 
along different lines, structures adapting them to the peculiar biological 
surroundings in which they live. 

16. Secretion of fatty and albuminous yolk by Golgi bodies 

in SUmopnemtes variolaris (Lamarck). 

M. K. SuBBAMANiAM and R. Gopala Aiyar, Madras. 

One of the authors has shown in a previous paper that fatty and 
albuminous yolk arise in relation with the Golgi bodies in Clihanarim. 
It was then hoped that a similar demonstration in some other animal 
of an entirely different phylum will once for all set at rest the contro¬ 
versy regarding the function of Golgi bodies in oogenesis. They are now 
in a position to present such an evidence, the animal being Stomopneustea 
variolaris, a common urchin from the Madras Harbour. 

The Golgi bodies occur in the youngest oocytes as discrete granules. 
During growth a differentiation sets in leading to the formation of a chromo- 
philJc rim and a chromophobic interior. Some of these remain unmodified 
throughout oogenesis. Some others grow into vacuoles with rims, fatty 
yolk being deposited in the interior of the vacuole. The rim does not 
undergo any transformation. 

Prior to the secretion of albuminous yolk the mitochondria clump 
together. The Golgi vesicles by rupture give rise to scale or batonette- 
like bodies. Tliese attach themselves to the mitochondrial clumps and 
secrete albuminous yolk. 

The origin of fatty and albuminous yolk in relation with the Golgi 
bodies only confirms the belief that the nature of the action of the ap¬ 
paratus is only by means of enzymes and that fat, fatty yolk, and yolk 
are only products resulting from the action of these enzymes on materials 
derived from the csdioplasm, mitochondria, nucleolus, nutritive bodies, 
etc. 

17. EfEect of the frequency of copulation on the fertility of 

eggs of Bruchm gmdrimaxndaius Fabr. 

pUEGADAS Mukebji and A. H. Bhxtya, Calcutta. 

Previous workers paid attention to the influence of temperature 
and moisture on the number of eggs laid by females. In this paper obser¬ 
vations on the mating habit, and the numlwr of eggs laid by females after 
single and multiple copulations are recorded. Parthenogenesis does not 
occur and polygamy is common. Repeated matings tend to decrease the 
fertility. 

18. Sensory filaments of the ‘ medial lobe ’ of the male of 

Bmchus qtuidnmaculatus Fabr. 

DxJBaADAS Mukebji and A. H. Bhuya, Calcutta. 

At the apioal end of the ‘ medial lobe' which was designated by 
the authors in their previous communication to the Zoology Be^on of 
the Soienee Congress, as the phallic capsule, a bunch of sensory filsiuents 
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occur. These filaments are peculiar to b. quculrimaculatue only and 
have not been found by them in any other species of the Bruchidae. The 
filaments are long and tapering, and are swollen into a bulb at about 
one-third its distance from the point of insertion of each filament. The 
structiure and function of their filaments are described in this paper. 
The filaments are withdrawn into and guard the external aperture of the 
‘ medial lobe ’ when the terminal portion of tue intromittent organ is 
invaginated within the medial lobe. 

19. Occurrence of ovaries in the worker of the ant (Ecophyla 

smaragdina. 

Ddrgadas Mukerji and A. H. Bhitya, Calcutta. 

Since workers have been observed to laj' eggs which develop into 
workers, the condition of ovaries in the different phase,-, of the species 
is investigated in this paper. The state of reproductive activity of the 
workers has an important Ijoaring on the problem of polymorphism of 
the ant. 

20. Anophele.s breeding in relation to aquatic vegetation. 

P. Sen, Calcutta. 

In this article an attempt has been made to correlate some of the 
very commonly met with aquatic vegetation in the water-collections of 
Bengal with particular species of Anophelines. The results obtained 
for some species are very encouraging and are of great biological im¬ 
portance. 

21. Recent records of South Indian Coccid*. 

T. V. Ramakrishna Ayyae, Coimbatore, 

This paper includes a preliminary account of the recent studies 
made by the author on the taxonomy, bionomics, and host relations of 
S. Indian Coccida^ Ix'ing a continuation of the work started by him over 
twenty years ago. About half a dozen papers have been published by 
him, the first [ aper being read before the Indian Science Congress at. Lahore 
in 1918. The most important of the writer’s publications on this grouji 
of insects is the profusely illustrated Bulletin on South Indian Coccida? 
published by the Imperial Department of Agriculture in India in 1929. 
As a result of further work in this dii'ection since then fresh data have 
accumulated, and in this paper, which forms a supplement to the previous 
papers, a brief summary is given of the notes taken on over thirty species 
of Coccidas. Of these, six happen to be species now to science and seven 
forms fresh records for the South Indian region. The new species noted 
are Lepidoaaphes comutua, Cerococcua ramakriahnce, Riperaia puniatis- 
aima, Riperaia oryzce, Paetuianiomna rigida, and Paeudantonina imperatae; 
of the new records for tlie region the most interesting are Ceronema 
kaibeli and Kmnicua wroughtoni N. Some recent alterations in the 
synon 3 nny of some forms are also added. 

22. On a new species of Stiliger with a note on its breeding 

and spawning habits. 

K. VraABHADRA Rao, Madras. 

A species of Ascoglossa of the genus, Stiliger (Ehrenberg), new to 
science, observed among the fioating algse in the brackish water pools 
near the mouth of the river Cooum and in the backwaters of Adyar is 
named StiHger gopaUi. An account of its external features and internal 
anatomy is given in this paper. 
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S. gopalii differs from any species that have hitherto been described, 
but combines in itself several characteristics of different species of the 
genus. In the position of the anus, the general shape of the body, the 
presence of a single pair of long and slender tantaeles, the absence of 
jaws, and in the presence of a radula of the Ascoglossa tj^e and of penial 
armature, the present form agrees with all others of the genus. It differs 
from S. marice in the nature of the radula, cerata, and penial armature. 
The radula of the present form closely resembles that of S. mrians but the 
species is distinct from it in its habitat, colour, and hepatic ramifications 
in the cerata. The absence of a notch in the oral veil and of the antero¬ 
lateral lobes of the foot, and the nature of the teeth of the radula in iS. 
irregularis are characteristic, and distinguish it from the present species. 
S. tentaculata differs from all others of the genus in having well developed 
oral tentacles. The ground colour of the body and the spawn of 
S. viridis distinguish it from the present species. The nearest ally of 
this species seems to be pica, from which it differs in the position of the 
eyes, the presence of a distinct filamentous tail and of a few clear white 
spots on the foot, and in the nature of the radula and of the hepatic 
ramifications in the cerata. 

It was possible to keep the animals alive in the laboratory for over 
a month in brackish water brought from their natural environment. 
The animals very frequently came together to copulate. The process 
of copulation is described. The spawn is deposited a few hours after 
copulation. As the eggs extrude, they are arranged spirally and aggluti¬ 
nated in a jelly-like substance to form cylindrical strings, each containing 
700 to 1,000 minute eggs. 

The general development of the eggs until the emergence of the 
veligers has also been worked out. 

23. Absorption of food in Melania {Madina) erenulata (Desh.) 

var. tirouri For. 

R. V. Seshaiya, Annamalainagar. 

Feeding experiments carried out to determine the mode of absorption 
of food are described. 

The cells of the digestive gland are able to ingest imoltAle particles. 

Intra-cellar digestion occurs in the cells. 

Ingested particles are collected in vacuoles, and later condensed into 
larger masses surrounded by a secretion; undigested matter is thrown 
out into the lumen of the tubules of the digestive gland. 

The ‘ concretions ’ seen usually in the cells of the digestive gland 
consist of ingested material tmdergoing digestion or about to be eliminated. 
Their nature depends entirely on the food taken by the animal; they 
dimmish in number during starvation. 

The so-called ‘ ferment cells ’ appear to be only ‘ gland ’ cells in a 
later phase of digestion. As they got worn out they are replaced by fresh 
cells which appear on their sides. 

24. The structure of the pyloric caeca in the fam. Masta- 

cembelidcB. 

M. Rahimullah, Hyderabad. 

In previous years the author attempted to give an account of the 
pyloric cseca as found in the families Ophicephalidas and Notopteridse. A 
paper on the group Ophicephalidee has already been published in Anat. 
Am., vol. 80, 1936. 

This year the author proposes to speak something about the ctsca 
as they exist in the family Mastacembelides, especially dealing with the 
conation in BhynchobdeUa aeuleata Bloch. In this fish the mtestine 
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is quite simple and short, forming a single loop and the two caeca are 
comparatively smaller, and arise at a short distance behind the sharp bend 
of the pylorus. They are almost equal in size, although in some sped, 
mens the left caecum is slightly thicker than the right one. 

In a fish measuring 14-0 cms. in length the ratios of the lengths of 
the caeca (each taken as a unit) to those of the intestine and the whole 
of the alimentary tract are nearly 1:14:6 and 1 : 25: 1 respectively. 
Caeca are also found in Mastacentbelua armatus (Lacep) and M. panccdus 
(Ham. Buch. ). 

Histological details, blood- and nerve-supplies have also been studied 
and described. 

25. Further observations on the structure, bionomics, and 

physiology of an air-breathing loach, Lepidocephalus 
gunlea (Ham. Buch.), found within H.E.H. the Nizam’s 
Dominions. 

B. K. Das, Hyderabad. 

In 1934 at the Bombay session of the Science Congress, the author 
reported about the mode of intestinal respiration in this loach. This 
year he proposes to discuss in greater detail further observations, especially 
based on the following points :— 

(i) The histology of the intestine of the fish as correlated with the 

aerial mode of respiration ; 

(ii) Further experiments on the physiology of respiration. 

26. Types of Indian fish found impacted in the food and air 

passages of men. 

S. L. Hoea, Calcutta. 

In a series of three articles Gudger {Arch. Path. Lab. Med., II, pp. 
355-376, 1926; Und., IV, pp. 346-356, 1927; Amer. Journ. iSurgery, XXII, 
pp. 673-575, 1933) has brought together from all over the world 38 
recorded cases of live fishes impacted in the food and air passages of men. 
12 of these refer to India. As the result of a recent enquiry through 
Major-General 1). P. God, Surgeon-General with the Government of 
Bengal, 18 more cases from India have come to light. 

Out of 30 Indian cases, 17 wore duo to Anahas (Koi), 3 to Colisa 
(Kholisha), and 1 each to Mastacemhelua, Therapon, and Gynoglomm. The 
types of fish concerned in the remaining 7 accidents are not known. 

Both Anabaa and Ooliaa are Labyrinthine fishes wliich are provided 
with organs of aerial respiration and, in consequence, remain lively even 
out of water for a considerable time. They are provided with a series 
of backwardly directed spines on the gill-covers and in front of the dorsal 
and anal fins. Maataoembelua is a compressed eel-like fish with a series 
of sharp, strong, and backwardly directed spines along its back, in the 
anal fins and on the gill-covers. Therapon is a Porcoid feh with a nmnber 
of backwardly directed spines in the vertical fins and on the gill-covers. 
In Gynogloaaua the vertical fins extend right up to the head and the rays 
are directed backwards. Such fishes, if impacted in the throat with 
the bead directed inwards, will be very difficult to pull out. 

In most cases the fish were found impacted in the throat or the food- 
passage. The form of Anabaa, CoUaa, Therapon, and Gynogloea^u' is such 
that they cannot gain entrance into the narrow air-passages. Maata- 
eembelxia, with its pointed head and eel-like body, can, however, enter 
narrow passages, and six cases are recorded in which this type of fish 
was found impacted in the air-passages. 

The paper was illustrated with lantern slides, and the types of fish 
discussed above were exhibited. 

23 
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27. The anatomy and histology of the alimentary system of 
Otdithus ruber (Bl. Schn.). 

M. Dhabmabajan, Madras. 

The general morphology and histology of the various parts of the 
alimentary tract are describe. The fish is carnivorous. The stomach is 
of the ceecal type and the pylorus arises as a tube from its anterior part. 
There are five pyloric caeca. In the mouth, the presence of peculiar 
papillee occurring anteriorly, external to the teeth, has been described 
and their histology reveals the fact that their function is to increase the 
mucus-secreting and gustatory surface. 

The taste buds in the mouth show a restricted distribution, occurring 
only on the tongue and the papillse, the buccal epithelium being devoid 
of them. In addition to the normal cells, ‘ ovoid cells ’ whose function 
is doubtful, are described in the papillee and buccal epithelium. Both 
the pylorus and a funnel-like part of the stomach around the pyloric 
exit are devoid of gastric glands. 

The pyloric valve is made up of a ring of fiaps, but is peculiar in that 
there appear to be no muscular extensions into them. A novel but simple 
method of the working of this form of valve is suggested. The intestino- 
rectal valve is a vellum-like projection into the lumen of the tract. From 
its structure it appears to work Uke an iris-diaphragm. 

Definite empty spaces, lined each by a cellular wall, occur between 
the submucosa and the circular muscles both of the intestine and rectum. 
An anal sphincter is absent. 

Examination of the stomach contents of a large number of fish has 
revealed the presence solely of the Crustacean Acetes erythroevs. ‘ Selec¬ 
tive feeding ’ probably exists in this case. 


28. Correlation between modifications of the air-bladder in 
the Grobioid fishes of the Gangetic delta and their 
habitats. 

Dev D. Mttkebji, Calcutta. 

In February, 1035, Dr. S. L. Hora {Cur. Sei., Ill, pp;'336-338) dis¬ 
cussed the modifications of the swim-bladder in certain air-breathing 
fishes of India and referred to the correlation between the form of the 
bladder and the mode of life of the estuarine Qobioid fishes. The detailed 
study^of this problem was entrusted to the author by Dr, Hora. 

The air-madders of Oloeaogobius giuria, Ctenogobiua mmua^ Odbiop- 
terua chuno, SiigmcUogobiua aadamcn^o, Taenioidee rtibicundua. Apocryptea 
bato, Paeudapoeryptea lameolatua, Boleophthalmua boddaerti, and Perioph- 
thaJmodon aohloaaeri were investigated. These species can be classed into 
three principal ecological groups, a,g, (i) aquatic forms, such as 0 . giuria. 
C. nunua, G. chuno «md S. aadanundio. which move about fieely and can 
use air-bladder for hydrostatic purposes, are provided with fairly extensive 
bladder in the abdominal cavity, (ii) semi-aquatic forms, such as T. 
rvbieundua. A. bedo and P. lanceolatua. which live in burrows and are 
exposed to dry conditions at times, have their bladders greatly reduced 
and modified in different ways in accordance with their habitats, and (iii) 
ahnost terrestrial forms, such as B. boddaerti and P. achhaaeH. which spend 
most of their time out of water and in consequence the air-bladder is 
totally 6d»ent or vestigial in adult sta^. Besides this apparent correlation 
between habits end habitats, a detaued study of the structure of the air- 
bladder on the one hand and the ecological factors in the habitats of the 
di^mnt species on the other shows a remarkable adjiutment between 
the estueurine species of the Gobioid fishes and their environment. 
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29. The arterial system of the common Indian bull-frog 
Rana tigerim Baud. 

J. L. Bhadtjri and G. N. Mttba, Calcutta. 

Parker and Bhatia (An Elementary Text-Book of Zoology for Indian 
Students, 1932) have given an unsatisfactory diagram of the vascular 
system of B. tigerina, and their description of the arterial system refers 
unfortunately to some European species. Crawshay (P.Z.S., 1906) 
has, however, given an account of the arterial system of R. tigerina in way 
of comparison with other frogs of the genus Rana, but his observations 
are based on an examination of a single specimen. The arterial system 
of R, tigerina, as studied by the present authors, differs in details from 
other accounts of frogs of the genus Rana. But there exists still a good 
deal of confusion with regard to the nomenclature of the various parts 
of the heart smd different arteries. It is with a view to this that the authors 
have attempted to provide in this note a suitable account of the arterial 
system of R. tigerina. 


30. A short note on the occurrence of papillee-like structures 
in the buccal cavity of the tadpoles of MegopJirys 
2)arva. 

J. L. Bhaduri, Calcutta. 

The author desires to record the occurrence of short blunt papilla*- 
like structures in the buccal cavity of the tadpoles of M. parva. They 
are arranged in a circular row behind the homy jaws. A short histological 
note is also given. 


31. Hermaphroditism in Rana tigrina. 

T. K. Gopalachari, Cocanada. 

The author came across two specimens of Rana tigrina showing 
hermaphroditism. Externally these frogs had all the characters of 
the male, but internally each had a pair of oviducts with distinct thin- 
walled uteri and openings into the cloaca. No ovary was present but 
the testes w'ero unequal and the left testis in one of the frogs was large 
and irregular with globular prominences. 


32. Observations on the occurrence of Pitta c. cumllata 
Hartl. in West Bengal. 

S. C. Law, Calcutta. 

A pair of these speoies observed on June 23, 1935, in Satgacliia, 20 
miles east of Burdwan town, of which one was captured alive in petfect 
breeding condition. The find is singular and striking in view of absence 
of recorded data from West, and even Central Bengal. Sexual display 
and courtship behaviour (as observed by the author) described. Habitat 
discussed in reference to ecology of the area (Satgachia) in which the species 
is found and collected: the ph 3 ^cal features analogous in many respects to 
the deltaic alluvium of Central Bengal, yet differing from it and evincing 
a tendency to transfusion with characteristics of t^e neighbouring rocky, 
non-aUuvi^ zone. Distributional data available in other parts of the 
plains districts of Bengal, chiefly North emd Eastern Bengal. 
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33. The vacuome hypothesis. 

D. R. Bhattachaeya and M. D. Sbivastava, Allahabad. 

Supra-vital experiments with a number of vital dyes were conducted 
on the freshly teased out ovarian tissue of Columha intermedia, Oallus 
batikim, Sana tigrina and Saccobranchw foadlia. The vacuome and 
Golgi bodies were fmmd as discrete elements confined to the juxtanuclear 
cytoplasmic area, called the Yolk Nucleus of Balbiani, in the early oocytes, 
from where they spread out later on. The two elements can be simul¬ 
taneously demonstrated and are apparently independent. The arrange¬ 
ment of the vacuome in the egg varies in different animals. 


34. Preliminary observations on changes in salinity of the 
surface waters at the Sandheads. 

B. Chopra, Calcutta. 

Through the courtesy of the members of the Bengal Pilot Service 
the author has been carrying on observations on the salinity of the surface 
waters at the Sandheads off the mouth of the river Hooghli since May, 
1933. During a period of about two years a series of water samples was 
obtained more or less regularly once a month. Each series consisted 
of twelve samples taken at two-hourly intervals, so that a complete period 
of 24 hours was covered every month. The exact position of the ship, 
the condition of the tide at the time the sample was taken, and the tem¬ 
perature of the water were recorded. 

The titration of these samples has given a fairly accurate idea of the 
changes that take place in the salinity of the surface waters from month 
to month and also with tidal changes. 

The data are still being worked out in detail, but some interesting 
results have already been obtained. These are briefly discussed in the 
present note. 


35. Role of salinity in mosquito ecology. 

P. Sen, Calcutta. 

Mosquito-breeding in various natural waters in lower Bengal shows 
that some species of Anophelines are indifferent to salinity and others 
are liighly sensitive. There appears, however, no sharp liiniting factor 
in salinity, but waters in which this is high are not favoured by most 
species. The salinity of breeding water may not have any direct effect 
on the' life of the mosquitoes, but possibly this plays an important r61e 
by inhibiting growth of food organisms, specially macroscopic algee. 


36. On the food factor of the so-called mosquito-destroying 
fishes of Bengal. 

P. Sen, Calcutta. 

Numerous dissections of the surface-feeding fish of various species 
that are commonly met with in tanks, ditches, and rice-fields of Bengal 
have been carried out immediately after they were collected from their 
natural habitats. The analyses of food contents of guts in these fish 
showed that mosquito larvae formed only a fragmentary part of the diet. 
Various other insects that were recorded from inside the &h-stomatc^ 
have been enumerated. Majority of these fish are omnivorous, a cons!' 
derable portion of the stomach contents being formed of vegetable 
matters. 
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37. The brackish water fauna of Madras. 

R. Gopala Aiyab and N. Kesava Panikkae, Madras. 

Tlie Adyar backwater and the estuary of the tiny Adyar river, which 
are in close association, form a typical brackish water realm, harbouring 
a fairly rich and characteristic fauna. The connection between the 
brackish water and the sea is retained only during, the North-East Monsoon 
period and the two succeeding months; in summer, this connection 
is cut off by the ‘ bar ’ and the level of the water falls considerably loa^'ing 
the mud-flats on the marginal zone of the backwater exposed. There 
is also a gi'oat fall in salinity. Owing to the influence of tides, the flow 
of fresh water down the river, and the presence of shallow mud-flats 
end pools surrotmding the backwater, the salinity end temperature 
are subject to great fluctuation. Detailed information on salinity, 
temperature, pH, etc. have been obtained. The fauna has a predominant 
marine olomont and includes: (I) marine and eurj’haline species foimd 
both in the sea and the backwater ; (2) brackish water species of marine 
origin, but now unrepresented in the sea; and (3) fresh water species 
which are acclimatized for brackish water life. The first two gi-oups 
comprise the majority of forms and include representatives of all the 
marine major invertebrate phyla except the Brachiopoda and Eehino- 
dennata. The Ccelenterata, Polychasta, and Crustacea were studied 
in detail. Of the nine Ccelenterates, six were Actiniaria Ijelonging to 
the families Halcainpactiidse and Boloceroidaria. The Actinian fauna 
includes the characteristics Halcampactids Pelocostea exul known front 
Chilka Lake and Gangetic Delta, and Phytocaetes gangeticus hitherto loiown 
only from the Gangetic Delta. The other two Ealcampactids are new 
forms. One of the Boloceroidaria is characterized by enormous powers 
of asexual reproduction. The .Polycha^t faima comprises many forms 
descrilted from the Gangetic Delta and the Chilka Lake. WMe most 
of the Chilka Lake species are represented, characteristic Gangetic forms 
like Matla, Spio, and Barantolla have not Ijeen obtained, though Lycastia 
indica and Nereis glandicincta, which are known from the Gangetic 
Delta and unrecorded from the Chilka Lake, are very common. Some 
of the bracldsh water Polyclisets like LycasHs irtdica and Lumbriconereis 
polydesma are gradually getting adapted to fresh water conditions, while 
the former hrs also taken to a partly amphibious mode of life. The 
Crustacea include numerous Grapsoid and Ocypod Crabs among the 
Reptantia, and species of Peneua, Leander, Alpkeus, and other Caridea 
among the Natantia. Two euryhaline Mysids are very common, of which 
Rhopalophthalmm egregiua is mainly a migrant, while the other, Macropais 
orientalis is a permanent item in the plankton. Among the fishes, the 
Gobiidse are the best represented. 

The general features of the fauna are the large number of amphibious 
and mud-burrowing species, the occurrence of highly resistant types in 
enormous numbers and the zonation of the majority of the animals near 
the water edge. Amongst the numerous adaptations may be mentioned : 
(1) the curtailment of life-history and the absence of pelagic stage of 
development as illustrated by the life-histories of Polych»ets ; (2) the 
enormous powers of reproduction as seen in many Gastropod Mollusca ; 
(3) the early attainment of sexual maturity and the occurrence of 
asexual reproductive processes in some Actiniaria; (4) devices for aerial 
respiration in Crabs, Molluscs, and Fishes; (fl) adaptation towards 
burrowing life by the greater development of organs designed for that 
purpose; (6) the capacity for remaining inactive during periods ol drought; 
and (7) increased integumental protection and mucus secreting devices 
which serve to overcome the adverse effects of exposure, sudden changes 
in salinity and the foulness of the enviromnent. 

A detailed account of some of the more interesting forms inhabiting 
the backwater, illustrating these points is mven and the life-histories 
of some of the Polycbssts and Actinians are described for the first time. 
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38. The maximiun number of meals of a wild sand-fly {Phle- 

hotomua argentipea, 9 ) imder laboratory conditions. 

S. Mukebji, Calcutta. 

In view of the r6le played by the members of the genus PhUhotomvs 
in the transmission of protozoal parasites of pathogenic importance, 
an exact knowledge of its bionomics tmd, more specially, of its feeding 
habits are of considerable importance. It is with this end in view that 
the author carried on the foUowing experiments to determine the exact 
nature of feeding habits of wild P. argentipea. 

About 30 females of P. argenli/pea, forming part of a day’s catch, 
were kept on 23rd August, 1935, in a small cage for a first feed on a mouse ; 
out of these 18 were foimd to have fed overnight. Only two died on 
26th August and the rest numbering 16 were put in a cage for a second 
feed ; out of these 12 were found to have fed overnight. Three died on 
29th August and the remaining 9 were kept in a cage for a third feed. Four 
were foimd to have fed next morning. All the fed ones survived up to 
31st August and these were kept for a fourth feed. Next morning 2 were 
found to have fed. On 2nd September the 2 fed flies were kept overnight 
for a fifth feed; both of these took a blood-meal overnight. The 2 fed ones 
survived up to 4th September and were put up for a sixth feed. The couple 
fed and survived up to 7th September when they were put up for a seventh 
feed; only one was found to have taken a blood-meal overnight. The 
fed 1 survived up to 8th September when it was foimd unhealthy and was 
killed and dissected. It will thus be seen from this laboratory experiments 
that about 3% of the wild flies lives up to 16th day from their time of 
capture to reach the maximum feed. 

39. The nature of the blood-meal of Indian Culicoides. 

S. Mukebji, Calcutta. 

While surveying the endemic Kala-azar areas of Calcutta and its 
environs for blood sucking arthropods, it was thought necessary to 
accurately determine the nature of the blood-meal of some of them. 
Besides the ubiquitous mosquitoes and sand-flies a few species of Culi- 
ooidea (ChironomidEs) were foimd in the cattle sheds. The following 
results were obtained as to the nature of the blood-meal of the Culi- 
ooidea: Human— 6’5%; Kuminant—91*6%; others—8’3%. 

40. Observations on the spawning habits of the carp Labeo 
, gonius (Day). 

Nassib Ahmad, Lahore. 

At a prevtous session of the Science Congress 1933 the author 
submitted a paper on “ Preliminary study of the embryology of WaUago 
altti ”. He has now observed spawning of Labeo goniua on the banks of 
Budha Nala, Ludhiana, on 20th July, 1935, following rain and flood. 90 
developmental stages of fish comprising 35 half-hourly, 12 one-hourly, 
25 two-hourly, 8 three-hourly and 10 six-hourly, were collected. The 
results of the study of these stages are recorded in this paper. 

It was noted that embryos hatched out ten hours after fertilisation 
at atmospheric temperature ranging between 78® F, and 82® F. 
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PROBLEIVIS OF THE RACIAL COMPOSITION OF 
THE INDIAN PEOPLES. 

Half a century has elapsed since Sir Herbert Risley, with a 
view to a racial analysis of the people of India began about 
1884 to have anthropometric measurements taken of them by 
certain assistants to whom he had given a training himself. 
Six years later, in 1890, this great pioneer of ethnic investiga¬ 
tions in India published a summary of the measurements thus 
taken, of 87 tribes and castes of Northern India, including 
Bengal, Bihar, Chota Nagpur, the United Provinces, and the 
Punjab, in the Jouriml of the Anthropological Institute of Great 
Britain, under the title, ‘ The Study of Ethnology in India 
In this same paper he proceeded, on the basis of these anthro¬ 
pomorphic diita, to classify the people living in this area into 
three main types which he provisionally named Aryan, Dravidian, 
and Mongoloid, and Risley assures us that this racial classifica¬ 
tion of his of the Indian peoples was accepted by the European 
scientists of the time.^ 

The detailed anthropomorphic data referred to above were 
published in India in 1891, in two volumes, and in the years 
following, Risley had a similar anthropometric survey carried out 
in Baluchistan, Rajputana, Bombay, Orissa, and Burma. In 
rhe Madras Presidency, anthropometric data were collected by 
Thurston from measurements taken by himself, ‘ in order to 
eliminate as he says, ‘ the varying error resultii^ from the 
employment of a plurality of observers Holland contributed 
some data for the Coorgs and Yeruval of Southern India and the 
Kanets of Kulu and Lahoul. Besides, Waddell measured about 
600 individuals belonging to 33 tribes of the Brahmaputra 
valley, and he thus speaks of his method : ‘ The measurements 
were all taken by me with a set of instruments made by Collin 
of Paris. Scrupulous care was ever exercised to secure precision 
in these anatomical records, and also to exclude from the series 
every individual suspected to be in any wise impure in type. 
The data thus laboriously obtained are therefore necessarily 
more trustworthy than those published in regard to a few of 
those tribes on the Bengal border by Mr. Risley, whose measure¬ 
ments recorded in his “ Castes and Tribes of Bengal” were made 

1 Cenaua Report (f India, 1901, vol. I, p. 494. 

S Oaetea and Tribes of Southern Irvlia, vol. I, p. xii. 
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by a Bengali Hospital Assistant, who wandered about measuring 
individuals under nobody’s immediate supervision 

Dr. Waddell, by virtue of his knowledge of anatomy, was 
no doubt much better qualified than Risley’s assistants to take 
somatometric measurements, and his measurements also possess 
the advantage of having been recorded by a single investigator, 
while Risley’s data were obtained by different workers in different 
provinces. But he naively admits a serious defect in his method 
which takes from the scientific value of his measurements, viz. 
that he introduced the principle of selection in it, in common 
with Risley. The latter instructed his assistants ‘ in measuring 
the higher castes to reject persons of very black complexion and 
with very broad and depressed noses, as in such cases there is 
at least a suspicion of the intermixture of low-caste blood. 
Similarly amor^ the lower castes, men of very fair complexion 
and high-caste type of feature should be rejected. The object 
is to determine the standard type of each caste, and for this 
purpose individuals of clearly exceptional colouring and feature 
should be excluded ’.® 

Another defect that mars the scientific value of these 
measurements is that many of the samples of all these 
investigators were too small to afford any reliable data for com¬ 
parison with other ethnic types, and Waddell’s series suffer most 
in this respect. Only in the case of one tribe, viz. the Koch, 
does the number of individuals measured exceed fifty, while in 
most of the others it fails below 20, and even below 10 ui some 
cases, and of one tribe ho had measured only a single individual. 
We must, however, appreciate the difficulties under which 
Waddell worked ; he was measuring mostly savage tribes in the 
wild glens of a mountainous district, and We must thank him for 
the few measurements recorded by him in this unfavourable 
region. Since his time very little anthropometric work has been 
done among these wild peoples, though our knowledge about the 
social organization and religious beliefs of many of them has 
been considerably augmented. The Anthropology department 
of the Calcutta University has been sending workers among these 
wild peoples, especially Nagas and Kukis, and a few samples 
including a hundred or more individuals in each have been 
obtained, 

Thurston’s series also are not most of them large enough 
for scientific purposes: the size of no one of his samples goes 
up so high as one hundred. Only of the .Todas did he measure 
so many as 82; of 19 other samples the number lies between 
50 and 60, and the remaining 59, out of the 79 tribes or castes 
measured by him, have less than 60 individuals each, and 11 of 


1 Journ. Asiat. Soe. Bengal, 1900, Part III, p. 73. 

S Journ. AsUit. Soe, Bengal, 1893, Part III, Appendix, p. 1. 
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these again go down below 25. Then again, Thurston has given 
only the average values and not the individual measurements 
themselves, so that for scientific analysis his record is not of much 
worth. 

Risley’s samples are much better in size: one goes up to 
185, 35 lie between 100 and 109, and 21 lietween 50 and 99; 
but the remaining 30 series are too small, and 14 of them go down 
even below 20. Though some of his samples are fairly large, 
quite a large number of them are of inadequate size. Risley 
could certainly have improved the size of his samples. 

Above all, however, it has to be borne in mind that the 
entire mass of anthropological data thus collected was too 
inadequate to determine with any degree of accurac}'^ the racial 
composition of 353 millions of ])eoples, speaking 225 different 
languages apart from dialects, scattered over an area of eighteen 
hundred thousand square miles, ‘ greater by 12,100 square miles 
than the whole of Europe excluding Russia proper, Poland and 
Finland ’ (as Risley himself points out *), and at the same time 
divided into races, tribes, castes, sub-castes and sects that make 
up a thousand or more endogamous groui}s that do not intermany. 
For determining the racial constitution of the Swedish people, 
forming a fiftieth part of the total population of India, Retzius 
and Fiirst, in the closing years of the nineteenth century when 
Risley was collecting his materials, proceeded to work on the 
raeasm-ements of 46,000 individuals, and yet again H. Lundborg 
and F. J. Linders found it necessary to revise the data by fresh 
measurements taken on 47,387 subjects, that is, almost the half 
of the male poi)u]ation of Sweden between the ages of 20 and 
22.® For about a tenth of the population of India, Livi. working 
about the .-ame time as Risley, obtained his average cephalic 
index of the Italian peoples from head-measuiements taken on 
294,271 individuals, and for his stature averages he requisitioned 
a total of 1,350,799 subjects.® In comparison with the abundant 
material thus available for these and other European counti'ies, 
the Indian data thus far collected sink into insignificance. 

From this scanty and inadequate anthropometric material 
Risley proceeded in the Census Report of India for 1901 to 
formulate his sevenfold classification of the Indian peoples. 
Besides the three racial types distinguished by him earlier—the 
Aryan, the Dravidian, and the Mongoloid—Risley determined 
three mixed types, the Aryo-Dravidian, the Scytho-Dravidiaii, 
and the Mongolo-Dravidian, supposing that they arose from a 
blending or mixing of two out of the former three varieties. 
Moreover, he proposed a seventh type, the Turco-Iravian which 
as a racial designation was rather unhappy, implying, as it did. 


I Oenaus Report of India, 1901,1, p. 12. 

* Tfie Racial Characters of the Swedish Nation, 1926. 
t J.R.A.I., 1918, xlviii, pp. 81-82. 
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that the Turc and the Iranian represented two primary stocks 
of mankind. This classification has been assailed on all sides 
and been rightly rejected by anthropologists, though it makes 
its appearance in writings by non-anthropologists and misleads 
the lay reader. Risley’s description of the round-headed people 
on the North-Western Frontier as Turco-Iranian stands con¬ 
demned by its very name as we have already seen, and it does 
not indicate a correct delineation of their physical features; the 
people of Eastern India, of Bengal and Orissa he called Mongolo- 
Dravidian, although they have none of the characteristic 
Mongoloid features ; the inhabitants of the western littoral and 
Coorg he designated Scytho-Dravidian, supposing that the 
Scythians had Mongoloid features, which most probably they 
had not, and besides, the Scythians had never penetrated so far 
to the south as Coorg, nor was their occupation of Kathiawar 
and the Konkan coast of sufficient duration to have produced 
«,ny lasting influence upon the physiognomy of the people. The 
Indo-Aryans he confines to the Punjab, Rajputana, and the 
Kashmir valley, although speakers of Aryan languages occupy 
in India a vast area outside this tract, and the people of the 
Kashmir valley he would have found to belong to a different 
type if he had only measured them. The type-names Aryo- 
Dravidian and Drmidian are no more exact than the others. In 
the Dravidian type Risley includes all the peoples from the 
Vindhyas to Cape Comorin and from the Aravalli Hills to 
Rajmahal. Many of these peoples do not speak languages of the 
Dravidian stock at all, and the physical features of a large 
number of them are quite distinct from those of the Dravidians 
proper. Long ago Sergi and Deniker had already pointed out 
that Risley’s Dravidians comprised two distinct types, one with 
a long head, a medium stature and a narrow (leptorrhine or 
mesorrhine) nose, and the other, also with a long head but having 
a short stature and a wide nose. These two types are quite 
distinct in their physical features, in their culture, and in their 
origin. 

The second type referred to above has been called Pre- 
Dravidian by some, but this name, coined from the theory of 
their arrival in India before the Dravidians, has been found to 
be quite unsatisfactoiy. This people, who are perhaps rightly 
considered to form the basic substratum of the whole Indian 
population, offers us our first great problem of racial classifica¬ 
tion. We are not yet quite sure about their distribution in India 
itself, about their affinity with other peoples outside India, and 
about their origin, and the worst of it is that our information 
about them is very scanty. Their languages have not, for the 
most part, been properly studied, and very few anthropometric 
measurements have been taken amongst them. Anthropologists 
have to fall back tqmn Thurston’s averages which, as we'have 
seffla, are so ve^ inadequate, and in many instances .worthless 
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for scientific analysis. Only four tribes of Southern India have 
been carefully measured in connection with the last Census by a 
competent anthropologist, Dr. B. S. Guha. 

Owing to Risley’s misapplication of the name Dravidian to 
peoples belonging to different racial stocks, the greatest confusion 
prevails in anthropological writings about the peoples of 
Southern India. The Dravidians of one writer are included 
among the Pre-Dravidians of another; when reading the writings 
of early authors like Huxley or Sir W. Turner, or of present-day 
workers Mke Morant, or even of Malone and Lahiri who published 
the results of blood tests of 589 Dravidians in 1928, we often 
have grave doubts to which of the two South Indian types their 
Dravidians belong. The Dravidians of Haddon are not exactly 
the Dravidians of Giuffrida-Ruggeri. Dr. J, H. Hutton, who has 
made a serious attempt in the latest Census Report to provide a 
new classification of the peoples of India consistent with our 
present knowledge about them, has not been able to clear up 
this Dravidian-Pre-Dravidian tangle, but he has made con¬ 
fusion worse confounded by using, at the su^estion of Colonel 
Sewell, a fresh designation. Proto-Amtraloid, for the primitive 
peoples of India, when their affiliation with the Australian 
jjeople has not been placed beyond all doubt. Zuckerman, in 
his Bulletin on the Adichanallur skulls, makes it quite clear, by 
quoting almost all the reliable authorities who have dealt with 
South Indian craniological material, that ‘ craniologioal evidence 
derived from the present populations of the Dekkan does not 
support the hypothesis of a Pre-Dravidian racial stock whose 
representatives are, amongst others, the Australians, the jungle 
tribes of Southern India, and the Veddahs of Ceylon. It is 
difficult, however, to decide whether craniological evidence is a 
fundamental criterion of race; if it were, the hypothesis of a 
common stock for the jungle people of the Dekkan and the 
aboriginals of Australia would be untenable ’ (p. 19). Then 
again, Sewell’s theory adopted by Hutton, of the origin of the 
Pre-Dravidians from Mesopotamia, and ultimately from the 
Palestine Man, on the authority of the Edsh skulls, stands con¬ 
demned by the great difference in the nasal index between the 
Kish skulls (N.I. 44’4) on the one hand, and the skulls of Indian 
primitive types—Veddah (N.I. 52‘7), Adichanallur (N.I. 5P62), 
and the Veddaic skulls at Mohenjo-Daro (N.I. 51 •06). The 
Al-U’baid skulls (N.I. 49’2) which Sewell requisitions as a 
connecting link between Kish and the Indian skulls, have entirely 
to be left out of this series as there is no trace in them, according 
to Keith, of alveolar prognathism which is a common feature of 
the Kish and the Indian skulls. In the light of these facts, 
Sewell’s theory, adopted by Hutton without question, ‘ of the 
derivation of the Proto-Australoid type in India from a leptor- 
rhine western type through a series of climatic modifications ’ 
(Census Report, 1931,1, p. 443), is far from convincing. Perhaps 
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we have to look for their origin to the East, to Hmno primigenius 
adloenais, constituted from two skulls recently discovered at 
Ngandong in Java (Oppenoorth, W. F. F.: Homo Javanthropus 
Soloensis. Een Plistoceene Mensch van Java, 1932}; such an 
alternative theory would solve many of our problems, but no 
sound theory can be formulated until we have more anthropo¬ 
metric material derived from an extensive series of measure¬ 
ments, both of skulls as well as of the living. Besides, numerous 
Palseolithic artefacts that can easily be graded into several stages 
of development have just now been discovered in Kashmir by 
the members of the Yale University expedition, and we have to 
wait expectantly for their report. Let us hope that they will 
light upon some skeletal material which is as yet wanting. 
Moreover, Mr. Mackay has dug up a number of skulls very 
recently in early strata in the Indus Valley. An attempt should 
also be made to dig up the graves still waiting to be excavated at 
Adichanallur itself. 

The affinity of the South Indian primitive people with the 
Veddhas of Ceylon is unquestioned, and therefore I would propose 
that they be simply styled Veddaic, to save confusion, at least 
until we have a clear comprehension of their composition. 

Risley’s Dravidians require to be divided still further : the 
primitive tribes of Chota Nagpur who have been called Koktriam 
by some writers, appear to have distinct features distinguishing 
them from the Veddaic tribes further south, and should be 
placed in a class apart. Haddon, who places them in the Pre- 
Dravidian racial group, points out, ‘ There is something in the 
facial appearance of many Kolarians which enables an observer 
to pick out a typical inhabitant of Chota Nagpur from a crowd 
of southern Dravidians ’ {Races of Man, 108). 

There is a still further problem that has risen with regard to 
the racial composition of the Dravidians proper, that is, the 
non-primitive speakers of Dravidian languages. Thurston’s 
averages, meagre as they are, had already shown the presence 
of two racial types among them—one long-headed and the other 
round-headed, and this has become very clear from the measure¬ 
ments taken by Dr. B. S. Guha in connection with the last 
Census. The brachycephals among them appear to possess the 
same physical features as the Aryan-speaking brachycephals of 
Eastern and Western India. Elliot Smith had pointed out in 
his Essays on the EvolvMon of Man (1927) that one of the 
Adichanallur skulls sent to him for examination ‘ conforms more 
nearly to the racial type that is known as Mediterranean, which 
is so largely represented in the present population of India ’ 
(p. 130), but in a note appended to Zuckerman’s Bulletin on the 
Adichanallur skulls (1930), he adds, ‘ It is not of pure Mediter¬ 
ranean type, the breadth of the cranium and the flattening of the 
occiput suggesting the possibility that it may be an example of 
the type I have called ‘Maritime Armenoid’, a branch of the 
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Alpine Race that is found as one of the ingredients of the racial 
mixture known as Dravidian ' (p, 1). 

After the elimination of the Veddaics and the Alpines from 
the speakers of the Dravidian languages we get a remnant of 
dolichocephals with a narrow nose and medium stature who 
have been defined as the Dravidians proper by Haddon; but 
the problem is, should we call this type by a linguistic name at 
all ? Did they speak a Dravidian language when they first 
entered India, or did they assume it in Southern India ? They 
have beei., supposed to have been the most numerous at Mohenjo- 
Daro, but the writings there have not been read yet and we 
know nothing as to what stock the language belonged; whether 
it had anything to do with the Dravidian language is doubtful, 
the script itself having various degrees of affinity with ancient 
scripts from Crete to Easter Island. We may call this type 
the Indo-Mediterranean Race from its apparent affinity with 
the Mediterraneans, taking out from its appellation the factor 
of language altogether, or, better still, we may call it ‘ the Brown 
Race ’ with Elliot Smith. Their cUstribution does not appear 
to be confined to the Dravidian-speaking region at all, but it 
seems that side by side with the non-Mongoloid narrow-nosed 
brachycephals of medium stature they are distributed over a 
very wide area in this country. 

In Bengal, for example, the presence of the brachyeephalic 
Alpine and the dolichocephalic Veddaie types has been fairly 
well established, but the existence in that province of the slender, 
long-headed, fine-nosed Mediterranean type has not been so 
very clear, and hence 1 would proceed to examine this problem 
in some detail, as the case of Bengal will provide us with a 
typical illustration for other parts of India where the Alpine 
brachycephals predominate. I have lately measured a hundred 
individuals of one of the high castes, the Radhi Brahmins of 
Bengal, and a hundred of the Muchis of the district of Birbhum 
in the same province, occupyuig the very lowest rmig of the 
social laflder, and besides, some of the other high castes—the 
three groups of Kayasthas that we find in the country and also 
of the Vaidyas. As the Kayasthas and Vaidyas differ but 
little from the Brahmins, I liave kept them out of consideration 
for the present, and would compare the Brahmins with the 
Muchis. I have throughout followed the directions of Martin 
in my measurements as laid down in the second edition of his 
LehrWh, and I have indicated the particular measurement 
taken by quoting the number given to each in his book. I 
took 60 measurements on the head and different parts of the 
body and have derived 54 indices from them. Besides, I have 
recorded the results of my visual observation of 31 features 
that are mostly non measurable. I have tried to include most 
of the important'measurements and indices recommended by 
Martin. The statistical treatment of this rather large number of 
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meaaurejnents, indices and observations, it has not yet been 
possible to take up, for shortness of time, as they vrere taken in 
October and November last; but I have worked out the arith¬ 
metical means for the purposes of comparison of the Brahmin 
with the Muchi, and have set them forth in a table given at the 
end. I have also given in another table some specimen pages 
from my record of observations and measurements on 25 Brah¬ 
mins in order to show my method and technique. The whole 
record may be published by the Calcutta University later. 
From the first table I have brought here together only four 
averages for our immediate use, and have also indicated in another 
short table the percentage composition of the Brahmin and the 
Muchi with regard to stature and the forms of the head and 
the nose. 

Table I. 




Average 

Average 



Average 

Stature, 

length- 
breadth 
Index of 

length- 
height 
Index of 

Average 
Nasal Index. 



head. 

head. 


Brahmin 

1658-97 

82-25 

69-99 

64-28 

Muchi 

1615-79 

79-22 


68-98 
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Table II. 



Stature. 

Length - 

BREADTH 

Index of 

HEAD. 

Length- 
height Index 

OF HB.4D. 

Nasal Index. 

Short. 

Medinm. 

1 

1 

1 

Tall. 

Dolichocephal. 

Mesoeephal. 

Brachy cephal. 

Chamaecephal. 

Orthocephal. 

1 

i 

.1 

1 

Leptorrhine. 

Mesorrhine. 

Platyrrhine. 


% 


f 

0 

% 


% 

0/ 

/o 

% 

% 

% 

% 

% 
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Brahmin 

32 

36 

32 

9 

44 

47 

2 


88 

68 

32 

0 

Muchi .. 

69 

22 

9 

15 

53 

32 

4 

17 

79 

55 

42 

3 


It will be observed from the above tables, that while the 
Brahmin has a brachycephalic average head/index, the Muchi 
has a mesooephalic one, ahd from the analysis in Table 11 it 


























( 9 ) 


Presidential Address. 


367 


is seen that while there is a preponderance of brachy- an>d meso- 
cephals in both, there is a certain proportion of dolichocephals 
in them, and that it is higher in the Muchi than in the Brahmin. 
It will also be observed that chamaecephaly, which is a Veddaic 
feature, is present in a very small percentage (2 and 4 respective¬ 
ly) in the two groups which are predominantly hypsicephalic. 

Among the Brahmins measured by me, there is not a single 
platyrrhine individual, while among the Muchis there are only 
three in a hundred, and the average nasal index is well within 
the range of leptorrhiny in both, the Brahmin nose being a 
little finer. In stature, the averages show that while the Brah¬ 
min is of medium height, the Muchi is below the medium, but 
as this comparatively low stature is associated with a fine nose, 
the dolichocephalic racial element that enters into the comi>osi- 
tion of both is not the Veddaic but the Mediterranean. The 
Veddaic element has but slightly affected the composition of 
the Muchi, while it is almost absent in the Brahmin. It is thus 
clear that beside the Alpine element which is strong in both, 
and more so in the Brahmin than in the Muchi, the Mediterra¬ 
nean element is present in both but more prominent in the Muchi 
than in the Brahmin. 

We find from Giuffrida-Ruggeri’s ‘Sketch of the Anthro¬ 
pology of Italy ’ (J.R.A.I., XLVlll, 89) that in the five southern 
districts of Italy, where the Mediterranean type is predominant, 
the average stature ranges between 1604 and 1620, the average 
cephalic index lying between 784 and 82*1 and the nasal index 
between 6949 and 69*77, the homogeneity of the tyi)e being 
seen in the nasal index. He describes the people of the region 
as of a height generally below the medium, the skin somewhat 
brown, the hair and eyes black, and having a slim figure without 
adipose and without a paunch. The slender figure without 
adipose and without a paunch is a general cliaracter of the 
Muchi, and of a considerable number of the Brahmins; Elliot 
Smith’s description of ‘ the Brown Race ’ of which he notes 
that the whole skeleton is of slight build and suggestive of effe¬ 
minacy, fits in very well with general Bengali physiognomy. 
Among the hundred Muchis measured by me there were only 
two individuals of the stout, thick-set, stocky figure that is 
generally associated with the Alpine type, and though the 
percentage of this latter type is a little higher in the Brahmins, 
the girth measurements will show that it is not high in any 
group of Bengalis. Elliot Smith also notes about the Brown 
Race that it is marked by scanty hair on body and face; this 
is also a general character of the Muchi among whom I find, 
from my observation tables, that about 90 per cent, have very 
scanty hair on the body, and the hair bn their lips and chin is 
not very plantiful. Among the Brahmins also I noticed a fair 
number having veiy scanty body hair, though on the face it 
is comparatively thick in the majority. 
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From an amilysis of these two castes of Bengal we perceive 
the existence of a predominant Alpine type and of an appre¬ 
ciable Mediterranean or Brown Race tyi)e among the Bengalis, 
and it seems reasonable to expect that the presence of these 
two types in varying proportions may be discovered on a similar 
analysis being made in many other parts of India, but the 
somatometric data at present available are too scanty to arrive 
at any definite and exact conclusion. 

Mr. A. E. Porter in the last Census Report for Bengal 
(§459) refers to the wide divergence between the Brahmins of 
!^ngal and Mithila; but the 53 Maithil Brahmins I measured, 
mainly of the Darbhanga district and a few from the Mozaffur- 
pore district, show a considerable affinity between the two, 
with a fair percentage of brachycephals among them; but a 
series of 85 Bhumihars whom 1 measured in the interior of the 
Patna district show a lower percentage of brachycephals among 
them, as will appear from the following table 
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Brahmin 

1(134 

26 

64 

11 

78-20 

23 

58 

19 

66-6 

66 

34 

0 

Bhuinihar 

1644 

25 

55 

20 

76-6 

42 

47 

11 

69-0 

58 

40 

1 

2 


Prof. Eiekstedt in his classification of the peoples of India 
{ZeitecJirift fiir Morphologic and Anthropologie, XXXII. 77ff.), 
has not taken the brachycephals into consideration at all, in 
fact he has attached little importance to the cephalic index in 
formulating his scheme. His analysis of the Indian peoples, 
however, is a brilliant piece of work, wherein ho studies the 
Indian racial problem from an entirely independent point of 
view, and let us hope that he will work it out more fully and 
help 118 to disentangle our knotty problems, as his exhaustive 
knowledge of all departments of anthropology eminently fits 
him to do. 

I shall next proceed to a discussion of the problem of Aryan 
migration into India. It has been widely held that Vedic 
Aryan culture was introduced into India by the tall, long-headed 
branch of the Indo-European people, the so-called Proto-Nordk 
race, and Dr. Hutton in the last Ctensus Report has exercised 



( 11 ) 


Presidential Address. 


369 


groat ingenuity and skill to establish this thesis. But a sifting 
examination, unbiassed by the Nordic obsession, of the anthro¬ 
pological data, as well as of the evidence afforded by the Vedic 
literature itself, goes to prove that the Alpine brachycophals 
have as great, if not a gretiter share, in the development and 
propagation of the Aryan language and of the Vedic religion. 

A stock argument advanced in favour of the Proto-Nordic 
introduction of Vedic culture into India is that the tall 
long-heads now occupy the (iountry through which flow most 
of the rivers mentioned in the Rigve(La, the fact being quite 
lost sight of that they were coraparativrdy late arrivals. The 
very ])Ositiou of these long-headed ])eo]>le in India, surrounded as 
they are on almost thre(‘ sides by the Alj)ine romid-heads, shows 
that they forced their way through the mass of the earlier 
Alpine settlers, who si)oke and do speak at the ])resent day as 
good Arya,n dialects as the so-called Proto-Nordics. Then again, 
ccT-tain texts ha.ve been quoted from the very late Vedic liter- 
atur<^ to prove that the Alpine dwcdlers of Itlast.ern and West(jrn 
India were regarded as un-Vedic, but certainly this was not 
true (rf the early Vedic period at any rate. Moi’cover, it has 
been held tliat throughout the long centuri('s through which th(‘ 
lvigv(;dic. hymns wer<i composed, the Vtalic Aryans confined 
themselves to tht^ Punjab without moving towards the oast or 
the south. 'Fhat. the Aryan-speaking peo])l(\ who were mostly 
nomads who had tlomesticated the horse, would sit tight iji a 
corner of India, while the vast fertile plains lay open befnre- 
thcm foi' a thousajid miles without any serious geogra'|)hical 
obstacle, is absui-d on the very face of it, and 1 aj>peal at first 
instance to the Rigveda. itself to dis]>el this illusion. 

We art' tcM by a hymn in tlui lligveda (x. 136) that long¬ 
haired, yellow-robed ascetics bearing th(5 designation of Mnni, 
tiaversed the whole width of India from the Flastcrn to the 
AVesteni Ocean—from the Bay of Bengal to the Arabian 8ea. 
Thus we read in the hymn—’ The Muni who is (verily) tht^ 
steed of the wind and is the comrade Vayu, the Wind-Ood, 
Inung m'gcd on by the gods, tramis to both the oemns, the Eastern 
as well as the Western ’ (verse 5). Moreover, the country of the 
Kikatas which from later Indian literature we know to have 
included modern Bohar, was well known to the Rigveda 
(III. 53, 14). 

Bringing together all the characteristi(;s enumerated in the 
Rigvedic hymn in which the above verse occurs, we observe that 
the Muni is described there as wearing long hair {kedin) and 
as garbed m dirty-looking brown garments, and it is thus clear 
that he is the predecessor of the later Yati or Parivrdjaka, and, 
like him, his business is to wander from place to place, wearing 
long unkempt hair, robed in yellow or brown vestments, spreading 
the culture and religion of the Veda, and the worslnp of the gods, 
of each of whom he has thus become a devoted friend {sakhd 

24 
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kitaJj ,); by his intense love of and devout service to the gods 
he is often throvii into a condition of ecstasy when his body 
shakes and trembles like a tree with the wind {Munirdhuniriva), 
as the Rigveda (VII. 56, 8) has it. The Munis travel with 
the swiftness of the wind and wander through the wilds and 
forests following patLs trod only by wild beasts. The Mnni 
with his constant peregrinations and devout service to the gods 
is invested with superhuman and mystic powers, so much so that 
the long-haireil Muni is believed to be a comrade of the dreadful 
god, Rudra, with whom he drinks from the same cup of poison, 
as a verse of the same Muni-hymn informs us (Rv. X. 130, 5-8). 

The character, with which the Rigveda invests the Muni, 
is associated with him tliroughout the Vtjdic literat^ire, and we 
find him as one of the earliest preachers of Vodic religion and 
culture. He is a live creature w'ell known to Indian tradition, 
and caimot be ex])laine(l away as a mere mystic reference to 
the Sun, as some scholars have tried to do. 

Moreover, it niu}' ])e i)ointed out that though the Rigveda 
does not. mention the Eastern and the Western 0(!eans in any 
other passage than the one we have quoted, yet it refers to the 
chahirali samudrdn (Rv. IX, 33, 0). ‘the four oceajis’, showing 
that it was known to the Rigvedic seers that land was girt by 
sea in every direction, just as the Aitarcya Brdhmarpi (VIII. 
25, 1) says that the ocean envelops the earth. 

Then again, the Western and the Eastern Ocean.s are men¬ 
tioned in ^’^edic literature in passages where there is very little 
room to doubt an intimate knowledge of the two seas among 
the Vedi(! Aryans. Two passages in the J^atapatha Brahmana 
(I. 6. 3, 11 an<l X. 6. 4, 1) speak of the Eastern and Western 
Oceans in exactly the same words used in the Rigveda to desig¬ 
nate the two seas—viz. Purm and Apara Samidra. Referring 
to these two passages the authors of the Vedic Index (11. 433) 
also observe, ‘ The eastern and western oceans in ^atapatha 
Brahmana, though metaphorical, probably indicate an acquaint¬ 
ance with both seae, the Indian Ocean and the Arabian Sea ’. 
There can, therefore, be no doubt tluit the Rigvedic verses, men¬ 
tioning the same seas in exactly the same words, Pvrva and 
Apara Samudra, must indicate that in the Rigvedic Age the 
Indo-Aryans had got acquainted with them. Biihler pointed 
out long ago that the numerous passages in the Rigveda refer¬ 
ring to the story of the saving of Bhujyu by the Alvins in 
their hundred-oared vessel, may indicate his rescue from ship¬ 
wreck while on a voyage in the Indian Ocean. The Atharva- 
veda (XI. 6, 6) also tells us that the celibate ascetic {Brahma~ 
chdrin), clothed in the skin of the black antelope, and wearing 
a long beard {dirgha-inuz4ru) wanders from the Eastern to the 
Northern Ocean. 

In the next succeeding age, when the Kalpasutras were 
composed, and which must have been separated from the BrSlh- 
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mana epoch by seA^eral hundred years, we find that differences 
in custom and conduct had arisen in the different Vedic divisions, 
separating them from the people of the Vedic Midland which 
formed the centre of later Vedic culture; and we find jmrist 
champions of the Midland culture depreeatii^ the people on 
the frontiers, in the east, west, or the south.^ Thus Baudha- 
yana declares, ‘ The inhabitants of Amnti (oi' Anartta according 
to a difference in reading), of Anga, of Magadha, of Saurashtra, 
of the Deccan (Dakshinapatha), of Upavrit, of Sindh, and the 
Sa.uviras. are of mixed origin. He who has visited the (coun- 
tiies of the) Araitas, Karaskaras, Pundras, Sauviras, Vaiigas, 
Kalingas, (or) Pranimas, shall offer a Punastoma or a Sarva- 
prisht-ha (Tshti) ’ (Dharmasutra, 1, 2, 12-13). In Ins Srautasutra 
(XVIII. 13) also Baudhayana jnescribes similar penances, the 
Cliatushtnma Agnishtoma for those who visit the aV;ove countries, 
and AiJastarnba in his l^rautasutra (XXII. 6, 18) too jjrescribes 
the Ekavimsa-stonia for one guilty of a similar misconduct. 
Thus he ordains, ‘ (The penance for an individual is) the Ekavim^a 
when ho goes to a people such as the Gandliaris, Kalingas, 
Magadhas, Paraskaras (or Karaskaras), or the Sauviras Hiran- 
yakosin in his f^raiitasutra (XVll 6) delivers himself in the 
same strain. Very late writers on the Dharniasastra also have 
indulged in similar condemnations in imitation of the Kalpasutra; 
thus Dcvala (Smriti, verse 15) says, ‘A person requires to go 
through a purificatory rite by visiting the (countries of) Sindhu, 
Sauvira, and Saurashfra, and the peoples inhabiting the frontier 
H'gions and the Kalingas, the Koiikanas and the Van gas ’. 
Another verse in the same tenor is often quoted: ‘ A i)erson who 
visits the countries of Anga, Vanga, and Kaliiiga, or those of 
Saurashtra {nd Magadlia except for the x>uriioses of pilgrimage 
requires to go through a ceremony of purification (or, to be 
initiated anew) ’. 

Now, it will be observed that the coimtrios thus condemned 
include Gujarat, Kathiawar, and Konkan in the south-west, 
Sind and a great part of the Punjab and the North-Western 
I^ontier, Bihar, Bengal and Orissa, and the whole of Southern 
India (Dakshinapatha), that is, almost the whole of India leaving 
onlj'^ a narrow strip in the Midland, the Doab between the 
Ganges and the Jumna, the country within the narrowest 
limits of the so-called Aryavarta as defined by Baudhayana 
and Vasishtha, both of whom give two alternative definitions of 
it. Thus says Baudhayana (Dh.S.I. 1, 2, 9-10): ‘ The counti’y 
of the Aryas (Aryavartta) lies to the east of the region where 
(the river Sarasvati) disappears, to the west of the Black-forest 
(Kalakavana), to the north of the Paripatra (mountains, i.e, 
the Aravallis), and to the south of the Himalaya. The rule of 
conduct which prevails there is authoritative. Some declare the 
country between the (rivers) Yamuna and the Ganges (to be the 
Aryavartta) ’. This latter view perhaps represents the personal 
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view of Vasishtha and Baudhayana, but both of them have the 
goodnesH to give a third alternative which provides a far more 
lii)eral definition of the region where Vedic culture prevails, 
and which is quoted from a gdthd or verse of the Bhdllavins, an 
ancient Brahmana school of the Samavedins whose works are 
no longer extant. Thus Vasishtha (Dh.S. I. 13-15): ‘ Others 
(state) as an alternative, that spiritual pre-eminence derived 
from a study of the Vedas is found as far as the black antelope 
grazes. Now the Bhallavins quote also the (following) verse in the 
Nidana: “ In the west, the boundary is the Sindhu (the Ocean, or 
the Indus), in the east the region where the sun rises,—as far as the 
black antelope wanders, so far (is found) spiritual pre-eminence 
acquired from a study of the Vedas Baudhayana (Dh.S. 1.1.2, 
11-12) also roimds up his discussion about the limits of Aryavarta 
with exactly this quotation from the Bhallavins. The ijn])ortancc 
of the black buck or Indian antelope (Krishnasiira) to Vedic; cultur e 
may be* seen from numerous passages in Vedic literatuj*(‘: ’ The; 
skin of the black antelope is the visible form of the Brahman ’, 
that is, of the Veda, declares the Taitmya Samhitd (V, 4.4,4), and 
tlwTfhuJytt Mah(7brdhmfnut {XY]l. 11, 8) asserts that Krishiiajina 
is the visible form of Brahmvarchm, that is, of s])iritua] })re-emin- 
encc‘ as ac'quired by a study of the Vedas. It is evident, therefore, 
that in the age of that Brahmana, the Vedic Aryans had wander¬ 
ed far and wide through the Indian continent, following the black 
buck wherever it roamed, ‘ mrigdnmn charane charan ’ as the 
Rigveda (X. 136,6) jmts it, and that Vedic Aryandom had become 
contenninons with the range of the Indian Antelojre, Oryx cervi- 
mpra, because, as Blanford observes, the genus to which it 
belongs is peculiar to India where its range is very wide. ‘ This 
antelope,’ .says Blanford, 'is foimd in suitable localities, chiefly 
open jflains with grass of moderate height, from the Indus to 
Assam, and from the base of the Himalayas to the neighbour¬ 
hood of Tricliinopoly. Formerly it was far more abundant, 
and in the first half of the nineteenth centurj’^ it was seen occasion¬ 
ally in vast herds of S.IXK) to 10,000 in number ; but its numbers 
have been greatly reduced since rifles have become commoat,’ 
{Imp. Gaz. of India, I, 235). 

Now, the question is, what is the reason of this threefold 
definition of Vedic Aryandom. The question as to how far- 
the Aryas dwelt in the east or the west cannot be a matter of 
opinion, but is a matter of fact. It is absurd to imagine that 
the Aiyas who, at the early period of the Brahmaiia work of 
the Bhallavins, dwelt from the Arabian Sea up to the plains 
of Assam, had receded in later times within the Ganges-Jumna 
doab; the only inference that can be drawn is that the Aryas, 
living in the far east, as well as the extreme west, were develop¬ 
ing customs and manners that differed from the ancient tradi¬ 
tions of the Vedic Aryans as preserved in the Midland, and 
that in the Midland itself people had worn off the expansive 
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energy and elasticity of the Vedic Aryans in their pristine 
vigour, and were growing stagnant, developing a narrower out¬ 
look towards life in general and developing an exaggerated idea 
of their own customs and practices that were fast growing 
fossilized. If the people on the west—in Konkana, .4nartta, 
8 aurashtra, Sind and the Punjab on the western front, and 
Vaiiga and Kalihga on the eastern, were deviating fi'om the 
ancient traditions, the Midland ])urists felt disinclined to recog¬ 
nize them as their own kith and kin. Th<'sre were i)urists of a 
still narrower type represented by those who held the second 
alternative limiting the Aryas to the thin strip of land between 
the Ganges and the Jumna, leaving out every other people, 
north, south, oast and W(^st. Tluise an^ the purisi.s of the doab, 
perhaps younger contemporaries of Vasishtha aiul Haudhayana, 
who glorjdng within the two saci’ed rivers Were cultivating an 
aloofness from the rest of India. It should be remarked, how¬ 
ever. that the aneimit traditions of tlu^ Brahmana times, making 
Vedi(^ Aryandom eontenninous with almost the whole of India, 
wei‘e not entirely forgotten ; in fact, the statements of Manu 
and yajiiavalkya with regard to the limits of Vedie India, show 
that they survived till a very late age. Moreover, it re([uire8 
to be particularly reeognize<l that the word " Artja' in Vasish- 
tha and Baudhayana has no ethnic! significance at all, })ut is 
almost sjTionymous with ‘ sishla \ that is, ‘ a man of correct 
conduct ’, as appears from the context, and Patanjali m his 
discussion about the ‘^ishtas’ in the Mahabhashya (on Punini 
Vd. 3, 109), gives a definition of the .sishta-land in almost the 
exact words of the above two authors of the* Dhannasutras. 

The reasons from which the strong feeling against the 
frontier pre vinces in the east, and the west ha.d il.s origin, may 
be discovered in these Biitia works themselves. Baudhayana, 
for example, in his Dharmasutra (II. 1, 2) whiki (‘nunuu’ating 
the offences that conslitute a transgression entailing a ‘fall’ 
{'pataniya) or degradation from social pout ion, gives first rank 
to ‘ gomg to the sea ’ {samudrasamifdnam), and includes trade 
^d commerce in the same list. Thus says he : ‘ Now (follow the 
offence.s) causing loss of caste {patamyn), (viz.) making voyages 
by sea, stealing the property of a Brahmana or a de])osit, giving 
false evidence regarding land, trading with merchandise* of any 
description (whether) forbidden or not, serving Sudras, etc. 
For those who have committed one of the.se (offences the follow¬ 
ing penance is prescribed): “ They shall eat every fourth meal¬ 
time a little food, bathe at the time of the three libations, 
morning, noon and evening, passing the day standing, and the 
night sitthig. After the lapse of three years they throw off their 
guilt”.’ In the very first chapter of his Dharmasutra also 
Baudhayana complains against the irregular practices of the 
people of Northern India, such as going to sea, trading in wool, or 
in animals like the horse (that have teeth in the upper and the 
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lower jaw), and following the trade of arras, and we have seen 
what severe punishment he ordains for sea-voyage and trade 
of any kind. Is it any wonder that law-givers like Baudhayana, 
who profess such a great horror against sea-voyage and trade, 
should condemn maritime countries like Sindhu, Saurashtra 
and Anartta on the western coast, and Vahga and Kalihga 
on the eastern ? 

BaudhSLyana, in the passage from his Dharraasutra quoted 
above, speaks of the people on the western and eastern frontiers 
as of mixvd origin (sankirtf^a-yonayah). Perhaps he moans 
that the people in these provinces had got mixed up with non- 
Aryan elements; admixture had taken place everywhere in 
Ijidia with the earlier non-Aryan ethnic strata—the aboriginal 
inhabitants and the Meditmuneans, some of whom they dis¬ 
placed, but many of them they must have absorbed; and be¬ 
sides, there must have been an admixture of culture in the 
frf)ntier provim.-e owing to the people coming into contact with 
the foreign nations they traded with. Quito apart from this, 
how'ever, the ethnological survey of the Indian peoples has 
discovered that there is a clear ethnic distinction between the 
])coplc of the Vedic Midland, including the Eastern Punjab, 
Northern Rajputaiia, and the western districts of the United 
Provinces, on the one hand, and the countries on the eastern 
and western frontiers which Baudhayana condemns, on the 
other, just the same distinction as betw'een the peoples of North¬ 
ern and Southern "Germany. While the people of the districts 
included in the Midland ani predominantly long-headed, the 
roimd-heads are found predominant in almost all other parts 
of Aryan-speaking India, as Dr. B. S. Guha’s measurements 
have shown. 

There is also a dijfferenoe in the languages spoken by these 
two groups of peoples in India, as was pointed out long ago by 
Hoernle and this has been confirmed by the Linguistic Survey of 
India carried on under Grierson. It is found that thev fall 
into two distinct branches of the Indo-European family, that 
the languages spoken in the outer or peripheral area, viz. Lahn(|p. 
or Western Panjabi, Sindhi, Marathi, Oriya, Bihari, Bengali, 
and Assamese, which may be called the ‘ Oiiter Branch are 
derived from a different dialect of the original Indo-European 
tongue than the languages of the ‘ Inner Branch viz. Western 
Hindi, Panjabi, Bhili, Khandeshi, Rajasthani, and the Pahari 
dialects. 

Now, the question is, which group entered India earlier. 
Grierson observes, ‘ At an early period of the linguistic history 
of India, there must have been two sets of Indo-Aryan dialects— 
one the language of the Midland, and the other, the group of 
dialects forming the Outer Band. From this it Keis been argued, 
and the contention is entirely borne out by the results of the 
ethnological enquiries, that the inhabitants of the Midland 
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represent the latest stage of Indo-Aryan immigration. The 
earliest arrivals spoke one dialect, and the new-comers another, 
Accordmg to Dr. Hoemle, who first suggested the theory, the 
latest invaders probably entered the Punjab like a wedge, coming 
into the heart of the countrj’^ already occupied by the first 
immigrants, and forcing the latter outwards in three directions 
to the east, to the south and to the west ’ (Imp. Gaz. of India, 
Vol. 1, pp. 357-9). 

It is now generally accepted that these Aryan-speaking 
round-headed peoples entered India from the Pamirs, as Chanda 
was the first to point out, but he held tha,t they represented a 
later wave of immigration than that of the long-heads. But 
Giuffrida-Ruggeri and Dixon think that the round-heads were 
the first to enter. Hutton, in his Census Report of India (1931, 
\’^ol. I, pp. 449ff and pp. 3()6-309), also acco])ts unreservedly 
that the round-headed imtnigraiits came first, but he sticks to 
the idea that the Rigeedic culture originated among the long¬ 
headed ])eople-! who entered India later; he fails, however, 
t(i adduce any evidence in su])port of his theory. There are 
no means of ascertaining whether the Rigvedi(! Aryans Were 
l(»ng-headed or round-headed; perhaps there was already a 
mixture of these two ty]>es of th«i Indo-European race before 
they entered India. x\t Moheiijo-Daro distinctly round-headed 
Alpine skulls (Type IV of Guha and Sewell) have Ixien found, 
beside Veddaic, Mediterranea.n and Mongoloid skulls, but 
none of the type to which the tall, long-headed jioople of the 
Midland might be apportioTied, The desfiendants of the Al]>ine 
round-heads whom we thus find in India in very early times, 
speak at present pure dialects derived in a direct line of descent 
from the R'gvedic tongue, and we have demonstrated that the 
Pi-igvedic Aryans had already spread over the ]»ortions of India 
which the round-heads now occupy in the south-west and the 
east. It would, therefon^, be quite natural to conclude that 
the round-headed Alpines, having been the first immigrants 
of Aryan speech into India, should presumably have been the 
first origuiators of the early Vedic culture also, at least they 
must have been the predominant type among the early Vedic 
Aryans. In later times large numbers of peoples, belonging 
to the long-headed branch of the Lido-European race, and 
speaking a different dialect, came i)Ouring in through the north¬ 
western passes, and drove the- more cultured, and henw, les-s 
warlike, round-heads towards the south and the east, and 
wrested the Punjab and the Midland from them. These com¬ 
paratively barbarous and warlike newcomers, belonging to a 
collateral but difierent branch of the Indo-European stock, 
viz. the Proto-Nordic, gradually absorbed the Vedic culture 
of the earlier settlers. As a result of the compact of these two 
types, the earlier inspired and poetic style of the hymns gave 
rise to the vigorous prose style of the Brahmanas, and the 
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mi1)K(iquent Vwlit; culture devolo])ed and flourished in the hands 
of this new people. These Proto-Nordics, averse at first to 
trade and a sea-faring life, stuck fast bigotedly to the customs 
they had adopted and disliked the new customs that the round- 
heads whom they had pushed south, and east, were developing 
in their new environment. Hencie their strong feeling against 
going to sea and the condemnation of countries like Clujarat 
and Maharashtra on the one hand and Bengal and Orissa on the 
other, where the people naturally took to maritime intercourse 
and trade with foreign peoples, with the islands in the Indian 
Ocean and with China, 

It is thus (ilcar that in these passages of the very late anti 
subsidiary V'edic literature there is nothing to show that the 
peoples in Eastern or Western India were un-Aryan. On tlic 
other hand there is evorj' reason to btdieve that the brachymor- 
l>hous Indo-J^uropeans speaking Aryan languages had settled 
in Nortlicrn India and spread as far as th(5 Tinnevelly district 
in the e.Ktremo south at a very early jDeriod, as the Aditdianallur 
skull examined l)v Elliot Smith shows. Engulfed in the ocean of 
s])eakers of Dravidian languages who perhaps under the pressure 
of these very Alpine invaders had become concentrated in the 
south, they lost their language, but perhaps imparted at b^ast 
some elonnmts of their eultun* to them even at that early epoch. 

At the present day we find small groups, mere islamls of 
peoples bearing Indo-European features, isolated in the wild 
regions that extend from the north-eastern frontier of Ttvdia 
to the Pacific. The fact that they extend almost in a continuous 
line from the borders of Assam eastwards to the ocean tends 
to prove, that they passed from India, and thus must have 
crossed the whole width of Northern India to the Patkoi range 
and beyond. We often do not know miush of their eultui'e, but 
the very fact that most of them are at a primitive stage of culture 
would suggest that isolated in unfavourable surroundings they 
lost what culture they possessed, or that they passed tlirough 
India in very early times before the development of Ve(lic 
cuburo in India. In that ease, it would be premised that in 
Eastern India men of the Indo-European racial type had settled 
even before the rise of the Vedie civilization. But only an 
intensive study of these peoples, both of their physical features 
and of their culture, can definitely solve the problem of these 
stranded remnants of Indo-Europeam. 

At every turn in our attempt to solve the problems of racial 
classification, wo are faced with a dearth of adequate materials 
to work upon. In India, therefore, a vast field for work lies 
before the anthropologist for investigation. Even in Great 
Britain where a number of renowned anthropologists have 
worked for such a long time, an appeal has recently "^n issued 
{The Times, March 13th. 1935) over the signature of 20 gentle¬ 
men, mostly anthropologists, for money ‘ to set on foot a compre- 
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honsivo survey of the past and present populations of Great 
Britain pointing out tlxat ‘ Britain has lagged behind many 
other countries in carrying out recognized research into the 
racial history and the present physical constitution These 
remarks apply with all the greater force to India where so little 
work has been done up to the present for solving the racial 
l)robleras. 

In India the number of independent groups with varymg 
racial constitutions is so large that only a band of investigators 
working in each province for a number of years (ian hope to 
get together sufficdont material for determining the racial history 
of the people. Theorization hero must wait until a suffi{!ient 
body of reliable materials has acicumulated. Wv? must know 
more of the constituent elements of the Indian people, before 
we can undei’take their racial analysis or seek for their origin. 

Then again, each caste or tribal unit must be examined 
over the whole range of its distribution. While iiK'asurbig the 
Radhi Brahmins in Calcutta and the Muchi in th(‘ Birlrhum 
district, of Bengal, I felt tluit the Radhi Brahmins of the Bir- 
bhum district Were not (|uite like the Radhi Brahrrrins of Eastern 
Bengal and Calcutta whom 1 had been measuring, that the 
ditfcT’ence Ixitwecn tlic Brahmin and Muchi of Birbhum itself 
would not be so striking as the difference 1 discovered between 
the two groups of mine. Tlu^ cephalic indices obtained from 
a measurement of the Iw'rtd from over ton thousand college 
students in Calcutta showed a groat range of variation inside 
the same caste unit in different distrierts. 

Another matter that I would bring to the notice of our 
anthropometric investigators is the number of measurements 
that have to be taken on each individual. Martin has sot forth 
in his Lehrbuch the various measui’runents that the; rrisearchtjs 
of anthropological investigators in various fields of work have 
shown to be necessary for an anatomical study of the human 
skeleton. He has described 71 measurements on the body 
and 49 on the head, all of which it is not always easy to take 
in the course of our field work, yet an attempt should be made 
to obtain as detailed a knowledge of the human anatomy as 
possible. Our earlier investigators have taken too f(jw measure¬ 
ments. Thurston took only 5 measurements (comprising stature 
and the length and breadth of the head and the nose) in 
Southern India, which therefore remains practically unknown. 
Risley took 11 measurements (comprising stature, weight and 
9 measurements on the head) besides 2 additional measurements 
on the head in a few cases. Dr. B. S. Guha, whose snthropo- 
metric work in connection with the last Census operations 
is the most substantial contribution to Indian anthropology 
since Risley, has measured 18 different characters supplemented 
by 20 visual observations on features that cannot be quanti¬ 
tatively determined. His work has also been the most extensive, 
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after Risley, as it embraced 51 racial groups from all parts 
of India. Prof. Eicksiedt’s measurements on 144 Punjabis 
held as prisoners by Germany during the Great War is the most 
intensive work that has as yet l>een published embracing 42 
different measurements on the face and the body, 13 personal 
data and 25 somatoscopic observations ; besides, he has calculated 
a fairly large number of indices in the case of 70 Sikhs included 
among the Punjabis. In my work on the Bengal castes I have 
measured 60 different characters on the head and the body, 
supplemented by 11 personal and 31 somatoscopic observations, 
and have I>esides calculated 54 indices. I have given here a 
specimen of my anthropometric record in the hope of rousing a 
discussion about the number of measurements with fellow- 
workers in India, as to whether this list requires to be augmented 
or reduced for actual field work. Dr. Guha has not taken the 
measurements on the body proportions, but these have acquired 
importance for racial analysis, as shown by the data collected by 
Martin, Another complaint that wo have to make against Dr. 
(juha is that he has given us only the averages and not the 
individual measurements as Risley has done. Perhaps he 
reserves them for a subsequent volume. The size of the samples 
is another matter that requires attention. Some of our early 
samples were very small in size, and hence, as we have seen, 
not scientifically useMl, 

All anthropometric measurements require to be tested 
and treated by stati.stical methods in order to /nake our results 
scientifically exact and accurate. For the characterization of 
j)articular aggregates and for discovering their mutual inter¬ 
relation the statistical method is invaluable. It should be 
borne in mind at the same time, as Martin observes {Lehrbuch, 
p. 68), that the application of statistical methods should always 
be objective, for in itself it might provide mathematical relations 
capable of various biological interpretations. 

The anthropometric work that has been done in India so 
far is only of the nature of a preliminary survey and has provided 
us with a superficial knowledge of a few only of the large number 
of imlependent groups in each province, and the time has now 
arrived for exact and intensi^ o investigation on strictly scientific 
lines. The investigator has to make a choice of his own parti¬ 
cular field of work in an area where the conditions are most 
favourable to him for intensive work, where the vernacular 
of the people he has chosen to study is known to him. We 
are all very grateful to the officials and missionaries by whom 
anthropological work has so long been mainly done in India, 
but we have to admit, as Rivers declares, that in spite of the 
many advantages of the position of the official and the missionary, 
and of the nature of their work which brings them into intimate 
contact with the people, ‘ the amount of work we owe to the 
two groups of persons is disappointing both in extent and in 
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scdentific value ’ {Report m Anthropological Work otdside 
America, Washington, ]913, p. 8). 

The days of amateurish work, which have so often done 
harm to the growth of the science of anthropology, are gone, 
and trained investigators must now devote their whole time 
and energy to anthropological research, unhampered by other 
duties, to turn out scientifically exact and valuable work. 
Anthropology is a young science, and it should be approached 
with youthful earnestness and devotion. 


Table showing the Avebage Mkasitrements (in mm.) and Indices 
OE 100 llApHi Brahmins and 100 Muchis of Bengal. 



Horizontal Circuiii-|j 

ference of Head. .i 

II 

Longitudinal Arc 
of Head. 

Transversal Arc of 
Head. 

Maximum Girth of 
Upper Arm. 

Girth of Wrist. 

Girth of Calf. 

Girth of Ankle. 

Chest 

Girth. 

Inspiration. 

Bxpirati on. 

Hadlii Brahmin 
Muchi 

039 

.^26 

348 

328 

343 

326 

247 

210 

151 

141 

325 

276 

200 

181 

880 

805 

848 

790 



1 

Maximum Head 
Length. 

Maxiraiun Head 
Breadth. 

Auricular Height 
of Head. 

0 

H 

*33 

oM 

H 

Minimum Frontal 
Breadth. 

1 

Maximum Bizygo¬ 
matic Breadth. 

Bigonial Breadth. 

R&dhi Brahmin 
Muchi 

183-39 

179-00 

160-84 

141-57 

128-34 

117-42 

216-90 

206-98 

98-60 

98-97 

134-04 

128-57 




Physiognomic Total 
Facial Height. 

I 

Morphological Total 
Facial Height. 

Physiognomic Upper 
Facial Height. 

Morphological Upper 
Facial Height. 

1 

Nasal Height. 

1 

Nasal Breadth. 

Nasal Depth. 

Badhi Brahmin 
Muchi 

■ 

111-96 

113-96 

73-58 

69-60 

65-54 
i 60-98 

i 

63-03 

49-88 

34-09 

34-41 

21-76 

19-96 
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K&4hi I 

Brahmiii 1 523-50 
Muchi .. 486-46 


367-62 284-24 737-82 316 12 271-06 
534-31 254-35 672-66 315-06 249-41 



380-64 67-665 

383-01 44-294 
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Indices of Body Pbopobtions. 



Foot Length 

-Stature. 

Head Height 

-Stature. 

Shoulder Width 

-Stature. 

Hip-Girth-Stature. 

Chest Girth 

Inspiration 

-Stature. 

Sitting Height 

-Stature. 

Navel Height 

-Stature. 

R5<lhi Brahmin .. 
Muohi 

14-84 

1.5-11 

13-04 

12-10 

Q 


52-92 

49-83 

52-32 

49-64 

1 

60-41 

58-81 


Radhi Brahmin 
Muohi 


ji 

i 

H 


S 

0 

H 


139>13 

138-27 


a 

I 


(• 

S 

b 

a 
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59-63 

64-89 


c 


u 

© 

it 

0 

yA 


47-32 

51-27 


bC 


§ 

w 


35-00 

37-48 


3 

h 

H 

bo 

© 


o 


167-53 

170-98 


.B 

3 


M) 

© 

h3 

h 

© 

c© 

c© 

p 


83-08 

87-92 


1 

H 

© 

*4 


& 

3 


71-91 

78-73 


At 

c 


c 

© 

14 

o 

0 

p 


47-05 

50-20 


70-22 

70-98 


R&(}hi Brahmin 
Muohi 


5 

-a 

c© 

» 


54-30 

52-28 
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4 m 

O 

•t3 

|mM 

9 

§ 


rC 

Si 

« 


77- 32 

78- 66 


s 

L 

iJ 

-< 


84-13 

79-62 


*4 

h 

1 

1 

At 

p< 

P 

P 

i 


If 

Is ii) 

85*74 



89-54 


w 

I 
1 
£i 

II 


44-15 

43-58 


l©i 

i 

1 

8 i 


8^ 


38- 71 

39- 36 


-§ 

c 


g 

o 


33-63 

36-45 


o 


I • 

Sffl 

w 


1-22 

1-09 
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iV.B.—^The figures within parentheses after the headlines refer to the numbers of measurements of the head and the body respectively i 
R. Msntin's Lehrbuch der Anlhropologie, second edition. Jena, 1928. 
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839 

850 

889 

880 

900 

860 

815 

877 

846 

854 
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880 

902 
916 
866 
885 
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1687 
1759 
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17^ 
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1642 

1570 

1767 
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1707 

1806 

1714 
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1802 

1681 
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Section of Anthropology. 

Abstracts. 

GENERAL. 

1. The ra-ciial history of Soiith India. 

L. K. Ananthakrishna Iyer, Palghat. 

All illustrated lecture delivered by the author. 

2. The ]iriinitive tribes of India and the coming constitution. 

T. (X Das, Calcutta. 

Tlic paper discusses the position of the Indian primiti\’o tribes under 
the now coustitufion from socio-economic standjioints. 'I'lic condition of 
file tribes hvinji in ‘protected nn-as' has been compared with that of the 
dwellers of ‘open areas ' where they liave to compi'le with more advanced 
peoples of the plains. The various missionary attempts to civilize the 
savage liave been esalunted. 

3. The hrachyct'iihalic statuettes from Moheujodaro, Sumer 

atui early {-haldeo-Sumerian sites and their signifieanco. 

P. Mitka, Calcutta. 

The braehyceplialic type as the ruling and civilizing element in the 
Sumer and Indus valley cult.iiro zones and their possible contribution 
to the c.attle-cereals-wheels-plougb cultiire-coinjilev in the painted pottery 
cultures of chalcolitliic times. 


4. The .acial element in Vedic religion and philosophy. 
H. C. Ray, Calcutta. 


ANTHROPOLOGICAL METHOD. 

.5. Studies -with the photographic profilo.scopc. 

P. C. Mahalanobts, Cjaloutta. 

Certain improvements have lieen recently made in the instrument 
described in a note some time ago, by introducing a locking arrangement 
for the ear-plugs which makes it possible to fix the position of the hoarl 
of the subject very accurately. The reliability of measurements also 
has been investigated with the improved typo of apparatus. Throe 
subjects with widely differing profiles were selected for this purpose. 
Three photographs were taken of each subject on three different days 
by each of three observers ; in this way nine separate photographs were 
obtained for each subject. Measurements wore then taken of 6 radial 
lengths on each photograph; so that 102 different measurements were 
oVjtained. The present note gives a detailed analysis of the data with 
full investigation of ref-idual errors, personal differences in making measure¬ 
ments, the influence of the subject, inter-actions between subject, observer, 
and cliaracter, etc. on the reliability of the measurements by the method 
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of analysis of variance. It was found that the average value of the 
coefficient of variation was of the order of one per cent. In other words, 
wlien two independent photographs are taken of the same subject, two 
independent measurements of any particular radial length are likely to 
differ by not more than one per cent. This, however, is for a single subject. 
But in anthropometry it is usual to work with averages based on 20 or 
more subjects. The inaccuracy due to instrumental errors is therefore 
unlikely to amount to more than one-fourth of one per cent, for samples 
of size 20, or more than one-tenth of one per cent, for samples of about 10(1. 
The accuracy reached in the improved apparatus may therefore he con¬ 
sidered satisfactory. 

6. A note on tho use of indices in anthropometric work. 

P. C. Mahalanobis, Calcutta. 

In anthropometric work it is usual to use a large number of indices 
of which the cephalic or nasal indices are typical examples. In calculating 
the 02 or the D2.statistics it is usual to treat such indices as separate 
characters. This procedure appears, however, to be open to objections 
from a statistical point of view. If two characters, say, the head length 
and the head breadth, are statistically independent, the cephalic index 
will not add anything to the information given by the two characters ; 
on the other hand, if the head length and head breadth are corndated, 
the value of the coefficient of correlation will furnish all available informa¬ 
tion. The use of indices is therefore superfluous, provided the correlations 
are fully utilized. In case the correlations are not included, ratios will 
supply some information, but in a most inefficient form. A statistical 
])opulation is fully specified by a certain cluster or density distribution 
in a P-dimensional space defined by the P-characters. Tho location 
of such clusters is completely determined by the magnitude or mean value 
of the P-characters, while complete information regarding shape is given 
by the orientation and size of the clusters. Provided all possible correla¬ 
tions between the P-cIiaracters ore included in the analysis, no further 
information can bo obtained by using indices or any other set of mathe¬ 
matically derived functions. Tlje point to be emphasized in this connection 
is the fact that with P-charactera P-dimensions are both necessary and 
sufficient for a complete specification of a population, and no mathematical 
device can in any way increase the available information. It is of courso 
immaterial whether the original P-oliai’acters are used for defining tlic 
different P-dimensions or indices or other functions of the original variates 
are selected for this purpose. 


SOMATOLOGY. 

7. The Dakshinatya Vaidik Brahmanas of Bengal, 

T. C. Ray Chaitdhuei, Calcutta. 

Ten somatologioal measurements, such as stature, head length, 
head breadth, head height, nasal height, nasal width, orbito-naeal dia¬ 
meter, orbito-nasal arc, etc. were taken on one hundred individuals, and 
five indices were calculated from them. , Besides, observations were 
recorded of their skin colour, colour and direction of the eyes, hair texture, 
and shape of the nose. The biometrical analysis of these measurements 
has been worked out, and a coefficient of racial likeness has been calculated 
betwem the two sections of Ysidik Brahmansis in Benged, the Dakshinatya 
and the Pasohatya. A somatological comparison has also been, made 
with other classcm of Bengid Br^manas, as well* as with Brahmanas 
of other parts of India. 
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The Dakshinatya Vaidik Brahmins appear to form a homogeneous 
series with distinct characters differentiating tliem from other classes 
of Brahmins in India. 

8. The Brahraanas of Bengal. 

T. C. Ray Chaudhubi, Calcutta. 

On the basis of somatome trie measurements taken by tlie autiior 
on 560 Brahmins of Bengal (Radhiya 167, Varendra 179, Pa.schatya 
^'aidik 114, and Dakshinatya Vaidik KM)), a comparison has boon made, 
with biometric calculations, lietween them and other cla-sses of Indian 
Brahmins—Nagar, Audich, Chitpavan, Deshastha, Karada, Saraswat, 
tiaud, Tamil, Tolegu, Kanarese, Mahe, as also the Brahmins of Orissa 
or)d the United Pro\dnces. 

9. An anthropometric study of the Marwadis, 

R. N. Bose, Calcutta, 

The paper di.scus.ses the measurements taken by the author on one 
hundred individuals of the Marwadis now living in Calcutta. Twenty- 
tivo measurement/S v\ere taken on eacli indi\ idual according to tlie methods 
recommended in Martin's Lohrbuch der Antliropologic, viz. nia.v. hcml 
length, max. heail breadth, least frontal breadth, bizygomatic brca«lth, 
bigonial breadth, nasal height, nasal width, morphological facial height, 
left hand length, left hand breadth, hor. circumference of head, girth 
of thorax, heiglit vertex, height tragion, height acromion, height radiale, 
height stylion, heiglit dactylion, height iliosjnnalo, height tibiale, lieight 
.spherion, sitting lieight Aertex, sitting heiglit iliocristale, arm strebdi, 
and bi-acromial diameter. Many indico.s ]ia\'e been ealculatcd and a 
biometrical analysis of the measui'ements has been worked out. 

1(1. A note on the presence of light-coloured eyes amongst 
the population of north-eastern India. 

Bhupendbanath Datta, Calcutta, 

This paper records observations on the light eye colour of eleven 
subjects from Bengal and Assam. Tliey have lieeii numbered and classi¬ 
fied according to Martin’s Augenfarbontafel. The subjects are of both 
sexes, and come from conservative and endogamous Hindu castes, viz, 
the Kalita, Katni, Nat, Rajbausi, \"aidya, Brahmana, and Tanti, and 
hence foreign influence can hardly be suspected in imy of them. Of 
these subjects, seven have eye-colours ranging between numbers 7 and 
8 of Martin, i.e. gieen, two have dark grey eyes (N 9 S. 9-10), one has 
No. 11 6 «id one. No. 13, Thus ton of them have e,ves with mixed colours, 
and one is blond. 

In the Ethnographical Report of the Census of India, 1931, Dr. B. 
S. Guha gives the lightest eye-colour of Bengal people as ranging between 
0 and 7 , but c.ertain lighter sliades are recorded here. 

11, Racial analysis of the Korns of Mahiimr. 

P. C. Das Gttpta and M. N. Bose, Calcutta. 

A statistical analysis of anthropometric measurements taken on fifty 
male subjects shows that there are three main racial elements among 
the Korns living fai the Manipur State, viz. the Dravidian, the Nesiot 
and the Pre-Dravidiart. The Dravidian element forms the main bulk 
of the tribe, viz. 44 per cent. The Nesiot element also forms a considerable 
percentage and the Pre-Dravidian comes up to 6 per cent. Tlie Nesiot 
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elcinont is highly mixed up and betrays some unmistakable Mongolic 
features, but the true Mongolic element is \wy slight. 

12. An anthropometric study of the Bunas of Bengal. 

M. N. Bose, Calcutta. 

The paper recotvls the results of anthropometrie measurements 
taken on 220 adult subjects, including 200 males and 20 females, of the 
Bunas, an aboriginal people living in Bengal. The measurements have 
b(*pn biometrically analyzed, and the coefiicient of racial likeness has been 
worked out between them and the Santals, the Oraons, and the Mundas. 


ETHNIC PSYCHOLOGY. 

13. The possibility of a racial significance in colour-preference. 

P. C. Das Gupta and M. N. Bose, Calcutta. 

Obser\'ations were taken on one liundred Bengali adult male students, 
and the results were compared with similar observations made on a 
primitive tribe of Manipur. 

14. Determination of the amount of terror in the localization 

of touch-spot among the Santals. 

B. K. Monuol ami M. N. Bose, Calcutta. 

Experiments wore made on ">0 adult male Santals, and their average 
error lias Viecn graphically determined. 


ANTHROPO-BIOLOGY, 

ir». Vital capacity study amongst the Bengalees. 

A. Chatterji and A. Sen, Calcutta. 

190 Bengalee students were examined. Vital capacity with chest 
volume and body surface of previous data compared. Correlations 
made with the data of American students. 


It). Early Hindu constitutional types. 

P. Mn'RA, Calcutta. 


CRANIOLOGY. 

17. Harmonic growth and development in the skull of men 

and primates. 

P. Mite A and S. Siecae, Calcutta. 

18. Some skulls from Ranchi megaliths. 

P. Mitra and S. Bose, Calcutta. 

Three skulls from megnlithic sites near Ranchi. Their affinities with 
the Adittannallur skull types. Their associated remains—some potteries 
and iron age artefacts. Megaliths studied. 
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EVOLUTION AND HEREDITY. 

19. Some psycho-biological factors in the doctrine of evolution. 
P. Mitra and S. Sircar, Calcutta. 


CULTURAL ANTHROPOLOGY. 

20. An ethnological study of the depressed classes of the 

west coast of southern India. Their present condition. 

Efforts for improvement of their condition. 

L. K. An ANTRA KRISHNA Iyer, Palghat. 

21. The economic adjustments of a Kuki tribe. 

T. C. Das, Calcutta. 

The Cluriia of Manipur, in .Assam, practise shifting cultivation. 
The fields at the feet of the hills have attraclcd them, in recent tiTnes. 
towards the hroad ^ alley of the Jrnphal river, and tlicy Inne taken to 
wet cnltivation. ,4n attempt has })een made, in this paper, to .show how 
tliis new iretliod of cultivation has alTected their social, religious,economic, 
and political life, and how they ai’O adjusting themselves to their new 
KijiToundings. 


22. Devadasis in northern and oastt^rn India. 

J. C. Ghosh, Calcutfa. 

Some instances cited from Sanskrit literature ami iiiscriptiotis about 
the existence of the custom in Northern and Kaslern India from B.(k .300 
to A.l). I,3(t0 at least. Though N. .\1. T’enzer lias shown tht' distribution 
of the custom in India, Babylonia, Syria, Plnenida, Canaan, and East 
Africa he has not cited any authentic instance of its existence in Northern 
India. 


23. Food and feeding among the Austric tribes. 

D. N. Ma.jitmdak, Lucknow. 

Every stage of economic life has its peculiar problem of food supply, 
and the solution of it, as well as the nature of the remedy, determines 
the social organization of the group. The changes in the economic 
environment of primitive tribes in India, and the manner in which the 
tribes have responded to these changes. How social difTeronces between 
groups are accentuated by differences in food and occupation, and how 
common diet and common occupation reduce the barrier l>etween different 
groups with unlike caste appellations. The supersession of customary 
rights in the forests, and the desire of the tribal people to follow Hindu 
practices, have meant an arbitrary restriction of tribal dietary. Tlie 
formation of classes in Kolhan, and the perpetuation of class distinctions 
by introducing changes in the dietary. Chorac-teristic features of the 
dietary of the different classes of people in Singbhum. The methorls 
of preparing food and the tabus connected wilh them. Examination 
of the menus of the Hos and comparison with those obtained among 
the Caste Hindus. Feeding in Kolhan. How' children are taught to 
partake of the tribal diet. Diet and vitality. 
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24. The principles of Khasi culture'. 

David Roy, Shillong. 

The Khasis are the people whom we now find on the series of pic¬ 
turesque hills of Assam, which rise from the narrow valley of the plains 
of the Brahmaputra river on the north and the plains of the Surma on 
the South. Sir George Grierson says that linguistic evidence points to 
tribes who still hold the hill country of the lower and middle Mekong 
and of the middle Chindwin, and the Khasis, as islands of Mon-Khmer 
origin, standing out amidst seas of alien peoples. 

Women among the Khasis enjoy a position of unusual dignity and 
importance. Khasi society is organized on a matriarchal basis. Their 
idea of the State is that of a limited monarchy. 

The Khasi interpretation of the human race is Mother-Son—‘ from the 
woman sprang the Kind ’. Origin of the exogamous Khasi groups. 

Tlie Khasis' conception of God is that he is the Creator to whom 
all obeisance should l>e paid, but for man’s acts of omission and commission 
there are forces inexplicable, except as lesser forces which cause all the 
sickness and calamities in the world. This accounts for the Khasi divi¬ 
nation to find out the cause and propitiate these forces. Hence calamities 
are deified as evil or negative influences against which they must protetst 
their person by sacrifices, and the beneficial forces are idolized as good 
spirits and deified in and through visible objects or fetish for the perception 
of the senses. But man through (3od rises supreme to all these forces 
and calamities, and no force or calamity can follow him after death, 
hence the necessity of proper sacrifices over his person through some 
tangible part or portion of his body or person, hence the collection of his 
bones in family coims. 

The log<mds of families springing from a fish which turned into a 
woman, or an ancestress foimd while in the care or protection of .bamboo 
clumps, give rise to these objects being regarded as a Totem and treated 
as a Taboo, and this ultimately gives rise to clan names and the formation 
of exogamous groups. 

25. Rules of avoidance in Bengal—an analysis. 

Nirmal Chakravarti, Calcutta. 

26. The concept of disease in Austrio culture. 

D. N. Majumdar, Lucknow. 

ISie various agencies that are believed to cause disease among the 
Aixstric tribes. The methods of diagnosis and treatment of diseases. 
‘ Dukidanal ’ or the examination of urine, and the study of reactions in 
the urine b,y adding a few drop.s of castor oil and other reagents, furnishes 
an important popular method of diagnosing disease. How ‘ Dukidanal ’ 
assists in the detection of diseases due to the administration of ‘ Najom ’ 
(poison) and ‘ tiji ’ (bacteria). The r61e of the ‘ Najomadani ’. Witch¬ 
craft and diseases. The Deuri and the Deonra amonsgt the Hos and their 
methods of divination and treatment. * Bonga Nam’, ‘Rum Nam’, 
' Patki Beur Nam ‘ Bawa Nam * Danda Nmn and ‘ Sunum Nam ’ 
and other methods of divining causes of diseases. The methods of 
propitiation and sacrifices. Through contact with the outside world, 
the experience of life Outside their liabitat and through the medical aid 
given in certain centrefi, the tribal people now find it possible to explain 
many of the diseases which the.v are heir to as due to natural causes 
(which include the modem medical theory and all injuries obviously 
inflicted by material agency). The preset-day attitude of the-tribal 
people is to tey all known and unknown methods in dealing with diseases* 
so that one or otiter may prove suwessful. 
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27. The spirit of Bongaism. 

D. N. Majumdab, Lucknow. 

The cultural contact of the primitive tribes in Chota Nagpur with 
the Hind\is and the Christian Missions has led to a miscegenation of culture 
and the borrowings of many traits, even though it is true that the latter 
have undergone some modifications in accordanc ’i with the spirit of their 
own cultures and the pattern of their social structure. The infiuence 
of Hinduism and Christianity on the religious life of the tribal population. 
The causes of conversion. The tribal pantheon includes mischievous 
and malevolent spirits, which are not indigenous to their religion but 
are borrowed from neighbouring cultures particularly from the lower 
strata of Hinduism. Most of the ‘ Bongas ’ are borrowed or invented 
by the JDeonras to suit the pattern of social life. The malignant * Bongas ’ 
of the Hos are mostly derived from the Oriyas. The conception of 
power in Austric culture. The distinction between ‘ Bonga ’ and ‘ Buru 
The division of fmiction between the village Douri and the Deonra. Tlie 
processes by which alien gods are introduced into tho tribal pantheon. 
The value of dreams as a means of interpreting the rAle of the gods and 
spirits. The nature of the dreams, which suggest tho interference of 
spirits botli alien and indigenous, explains how' tho association they make 
of their gods with the foreign elemont.s in the population is not accidental, 
but is engendered by a habitual mental process which attributes all their 
miseries to tho presence of the foreigners known as ‘ Dikiis How 
adoption of alien gods and spirits has forced their own tribal gods into 
the backgr )und. The belief in life-substance and the methods by which 
it is augmented. The importance of religious tabu. How tabus affect 
mairimonial alliances. An analysis of the present-day attitude of the 
Austric tribes to religion and all that is sacred to them. 

28. Diseases and medicines among the Bunas of Bengal. 

M. N. Bose, Calcutta. 

t'unception of disease and its origin among the Bunas. A des¬ 
cription of the medicines (roots, herbs, drugs, etc.) used by them. Names 
of the iliseases. 

29. The comparative study of law and justice of tho Chirus, 

Koms, and Kahui. 

A. Sen, Calcutta. 

30. Conceptions of kingship and succession in the Hindu- 

Buddhist polity. 

J. C. De, Colombo. 

In this paper the author examines tho political conceptions of the 
period of Hindu renaissance from the fourtVi to tho tenth century A.D., 
from epigraphic materials. Some of these conceptions centre round the 
different classes of rulers. First, the ruler is considered to possess the 
status of a divine or semi-divine being. Secondly, we find some rulers 
called ‘devas’, and their queens ‘devis’ or ‘mahadevis’. Thirdly, 
a title ‘ Bhattaraka ’ is used both with reference to kings and deities. 
Fourthly, comparisons are drawn between divine and semi-divine beings 
and rulers, and some of these are very elaborate. Fifthly, royal descent 
is traced back to divine and semi-divine beings. Probably because 
of the reaction of polUik on staatdehre, hereditary right follows as the 
natural corollary of divine right. 
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31. Several aH])ectK of the Assamese theory of the divine 
right of kings. 

J. C, De, Ciolombo. 

Hindu Parana literature tells us that ‘ the mighty sovereign ’ of the 
Yavanas, Bhngadatta, was the overlord of Muru and Naraka. This 
Naraka is said to have been bom of the earth (bhumi), liis father being 
the groat God Vishnu. Later on, the kings of Kamarupa claimed descent 
from Vaaumati, the Earth-goddess, and sometimes added ‘ dev'a ’ (god) 
after their names. The triumphs of the Ahoms over Hindu prmces 
enabled them to contiime the theory of div'ine descent for themselves. 
Wo notice that (1) one of the ancestors of the Ahom kings ‘ ruled over 
heaven ’ ; (2) they claimed descent from the divine Khunlung and Khun- 
lai ; (3) Chau f)r Chaw denotes both king and god ; Pha may be equivalent 
to God, heaven <ir king ; (.’>) the king is called ' svargado’v'a ' : (0) the king 
conducted personally, and took part in. religious ceromonie.s. Thus 
the divine nature of tlio office was manifest in diverse ways. 
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SOME ASPE(JTS OF SC^IENTIFIC RESEARCH AS 
APPLIED TO THR IMPROVEMENT OF 
INDIAN AGRICULTURE. 

Fellow Delecjates, Ladies, and (gentlemen, 

T feel greatly honourerl by being called njjon to be 
the Pj’csideiit of the Agrieiiltiiral Section of this the 23rfl Se.ssion 
of the Indian Science Congress, a ]>osition which in the past 
has been occupied by many a distinguished inembei- of the agri¬ 
cultural s(‘rvices in India or other scientific workers of einiiKUice 
who have made contribiTtions of outstanding importance to 
the progress of agi'iculture in this countr'^'. It is with consid- 
eiable diffidtmce and almost a feeling of trepidation tlxat 
1 have entc'i'ed u])on jny duties and undertaken to deliver the 
customary address on this oitcasion to an audience composed of, 
on the one hand, eager young scientific workers, most of them 
s^jecialists in their respective branches of science and, on the 
other, of the doyeiLs of the agricultural services who add to 
their <ioep scientific knowledge the wisdom born of e.xteiisive 
and varied ex])erience. If I feel qualified at all for this task, 
it can only he by my long service of nearly 35 years as an agri¬ 
cultural oflfi(“er and that fortunately with oik* of the foremost 
Departments of Agriculture, viz., that of the Mysoix’! State, 
a service dating back to the time w'heii many of our Provincial 
Agricultural Departments were either non-existent or existed 
only in a rudimentary fonn. To the role of this general-purpose 
agricultural officer, if I may call it so, it has been my I'coent 
jirivilege to add that of an onlooker which enables one not 
only to see most of the game but also to describe and criticise 
it somewhat with greater freedom than otherwise. 

Great changes have taken place during this period in the 
expansion of the Departments, in the bulk 
Agricultural re- and variety of scientific work and, what 

malTdfOTqukkald gratifying to all, in the 

practical results. extent to which improvements have taken 
place in the agricultural practices of the 
country, and the ryot has responded both to a changed environ¬ 
ment and to the efiorts of the Agricultural Departments. The 
extent to which the efforts of the Departments whether in the 
field or in the laboratory result in immediate iiractical advantage 
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to the ryot is certainly a measure of the success of our work. 
This feature indeed is peculiar to the section of agriculture, 
viz., the attainment of results which will be of direct appli¬ 
cation in practice, profitable economically, and suitable to 
the conditions of the ryot and therefore capable of being taken 
up readily. Whatever other value researches in this section 
may have, however greatly they may redound to the credit 
of the workers as a matter of pure scientific research, however 
great be the results they may lead to with^he progress of time, 
their value to the farmer as one of immediate practical appli¬ 
cation will constitute a most important test. The scientific 
worker in the field of agriculture thus works to some extent 
at a disadvantage not only in the matter of the choice of his 
subjects but also in respect of the manner in which it could 
be pursued. Many an alluring line of work which may open up 
in the course of any research has often to be strictly ke})t aside 
if it is not likely to be of any immediate practical value. The 
ryots’ immediate needs are indeed supreme, and this touchstone 
has constantly to be applied and work sifted, designed and 
pursued only in the manner their needs may dictate. Many a 
scientific worker in this section should, no doubt, have felt 
tliis factor both cramping and irksome and should probably 
have envied his brethren in the other fields with their spacious 
freedom to pursue any line of work they like untrammelled by 
such considerations. But the advantage is not all on the side 
of the worker in pure science. The work of an Agricultural 
Officer, if found to be successful judged by this severe and 
somewhat cramping tost, leads to results which cannot but be 
gratifying even to the most blase and high j)laced aristocrat 
of the service. Increased production, saving of immense losses, 
increased comforts, more money in people’s pockets and the 
countr}’’s increased prosperity—^it is these which follow in 
the wake of such a piece of work, and what greater satisfaction 
or reward can one attain than the feeling that he has been the 
author and architect of such a change. These are the very 
results wluch have already been attained in a large measure, 
thanks to the band of workers in this section all over the 
country. 

This matter of immediate practical benefit to the agri¬ 
culturist constituting the most important objective of the work 
in this section has to be emphasized for an additional reason 
also. I refer to the frequent criticism from the public and 
their reprefientatives in the different liegislative .Assemblies 
of the work of these Departments, .asking in effect to justify 
one’s existence and to show value for the taxpayers’ money. I 
do not know if any othw department of Government, where 
scientific work is carried on, is subjected to this kind of exam¬ 
ination and of which quick results such as will impress‘the 
public axe demanded. It has been the fate of all the Agricultural 
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Departments from their very inception, but as time goes on 
and under the new form of Government, this test is bound 
10 become severe, and it will require all the nice discrimination 
possible in those responsible for planning the work of the 
Departments to see that the claims of such lines of work as 
promise immediate results are fully met without at the same 
time neglecting the claims of work of a somewhat prolonged 
character or sacrificing the accuracy and reliability that only 
tests carried out oyer several years can guarantee. As a 
matter of fact, the need of this nice balancing has been fully 
realized and has all along been the policy of all the Depart¬ 
ments, as the results achieved so far, and which I will describe 
presently, will amply demonstrate. 

Before proceeding to give you such a resume, let me refer 
to the joyful news of the appointment of 
Wolfome ti) Lord Linlithgow as our new Viceroy—an 
H.E. the Vi^roy appointment which every one interested 

and ^ a ti-ilSim agriculture of this countp?^ from the 

to tho services humblest ryot to the high officers of the 
of tlio Howards. various Agricultural Departments should hail 
with unmixed pleasure. His Lordship comes 
to us with a fund of knowledge and wisdom and ripe experience 
in all the aspects of agriculture and rural economy, in the intri¬ 
cacies of the various problems of agriculture as afiected by 
trade, industry, nationalism and administrative exigencies, 
vnth a thoroughness of conviction and strength of views gained 
as the result of practical experience and of innumerable con¬ 
ferences, surveys and commissions, that we may confidently 
expect that an era of active 8tatc help and prosperity is dawning 
upon India’^ Agriculture. Witness the rejjort of the Royal 
Commission on Indian Agriculture over which His Lordship 
presided and to whose great ability and love for the agriculturist, 
it is a monument. Witness again the report of the Linlithgow 
Committee in England on the ‘ Distribution and Prices of 
Produce ’ with its accurate diagnosis and drastic recommenda¬ 
tions. h'ortunate indeed is Indian Agriculture at this juncture, 
and we, members of the Agricultural Section, have to congra¬ 
tulate ourselves on the happy event. 

I would also recall to your mind the fact that we are holding 
this session of the Congress at a centre which has a special 
interest to agricultural workers. Indore and the Institute 
of Plant Industry will always be associated with the name of 
two talented workers in agricultural science, who have done 
yeoman’s service to the cause of Indian agriculture. I refer, 
of course, to Dr. Howard and his late talented wife Mrs. Gabrielle 
Xj. C. Howard. Their services and work were exactly of the 
kind that I briefly indicated as required of most agricultural 
officers—the happiest combination of science and practice. 
They won a name not only for their scientific work, but a still 
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higher name for the practical results which they achieved. Their 
Pusa wheats now grown on millions of acres, to mention only 
the most noteworthy achievement, will long keep their name 
alive throughout the vast North Indian continent. Let us 
remember their honoured names with pleasure and with pricb 
on this occasion. 


I shall now 


Agricultural 
improvements 
effected in India 
—a resume of 26 
years’ work, with 
special reference 
to Mysore State, 
(a) Improved 
agricultural 
implements. 


give a brief resume of the extent to which 
agricultural improvements have been taken 
up during the last quarter of a century, and 
in doing so will crave your indulgence if I 
confine myself to the State of Mysore. 
For one thing, that is the area I am intimately 
acquainted with and can speak with authority 
upon and for another, it will probably 
be a fair representative sample of what has 
been achieved over the other parts of India 
as well, and would therefore serve to illus¬ 


trate my main theme that the work of 
the agricultural departments has led to very marked practical 
results. Taking implements and machinery first, there are now 
over 23,000 improved iron ploughs in use throughout the State, 
a number which is steadily increasing year by year. It was not 
after all very long ago that the opinion was generally held that 
it would be absurd to think that the Indian ryot would purchase 
and use ploughs costing Rs. 15, and yet these ploughs cost any¬ 
where from Rs. 17 to Rs. 35 depending upon the pattern. The 
local manufacture and repair of ploughs is a growing industry 
both in our Government workshop and private foundries in and 
outside of Mysore. I may refer only to the names of Messrs. 
Kirloskars, Messrs. Cooper and Messrs. Burns & Co., to give 
you an idea of the growing magnitude of plough works in India, 
In the matter of threshing, the practice of having it trodden 
out under the feet of oxen which used to be universal has been 


almost replaced by the simpler, less laborious and more con- 
v^ient method of threshing under a stone roller using only one 
pair of bullocks. Every kind of grain grown in the State, whether 
ragi, jola, navane or paddy, is now threshed by this simple method 
and there is no threshing floor where one or more of these 
rollers is not in evidence. Cane milling is being carried out 
with more and more efficient iron mills. Sugarcane mills of 
the Nahan Foundry in the Punjab, and those made locally 
on somewhat improved lines, have been largely popularized and 
there are now hundreds of these in use. Of power-driven 
sugarcane mills, worked by oil engines or electric motors there 
are a fair number already; the electrically driven mills are 
sure to increase in number, as most parts of the State are now 
being supplied with electricity for lighting and for power. The 
manufacture of dual purpose mills, which are of the bullock- 
driven type but with a detadhable power attaohmmj^, and which 
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can therefore be used for bullock drive or power drive according 
to circumstancefa, is a promising development worthy of note. 
The use of pumps and engines for lift irrigation from wells and 
other water sources has assumed great importance. They 
number at present 453 comprising pumps driven by oil engines 
and those driven by electric power. The electrification of rural 
Mysore is indeed effecting a transformation of the country 
side; the old world grinding stones for grinding grain into 
flour are giving place to centralized electric driven flour mills, 
the hand looms are going out and are being replaced by power 
looms in all the important weaving centres, and electrically 
driven pumps raise water from wells where patient oxen used 
to toil at creaking mhotes. Oil engines used to be the motive 
power until very recently, some of the installations being fairly 
large comprising 12 H.P. engines and 4" centrifugal pumps. 
One single village alone has six such installations and all of them 
are looked after and worked only by the ordinary villager. Time 
was when the peasant was deemed incapable of using a screw 
driver or a spanner, and yet we can see to-day this astonishii]^ 
spectacle of the common village lad managing efficiently not 
only the daily running of such an installation, but also the ordinary 
cleaning and overhauling and petty repairs. The Well Boring 
Department has been a very helpful auxiliary, and with deep 
well pumps and electric power the ryot is enabled to tap and 
utilize very much deeper sources of irrigation water than can 
be thought of with his ordinary well sinking methods or water 
lifting appliances. 

The progress in the use of concentrated manures and 
artificial fertilizers is a really remarkable 
(6) Manures. anything could be used as 

manure, other than the excreta of animals and ordinary village 
refuse, was almost unknown except among the coffee planters 
until the department came on the scene. Through field and 
pot experiments, demonstrations on ryots’ fields, propaganda 
through ryots’ meetings, the newspaper press, financial assistance 
of Government and other efforts, the popularization of oil 
cakes and other artificial fertilizers, nitrogenous, phosphatic 
and potash fertilizers, has gone on to such an extent that these 
latter are now sold even in village shops like any ordinary 
commodity; and yet there was a time not long ago when even 
the free supplies made for purposes of trial remained unused, 
the packets being kept intact, safe and unopened. The popu¬ 
larization of artificial manures is indeed a remarkable develop- 
m^t throughout India, as can be seen from the import figures 
relating to artificial fertilizers, which rose from less than a 
thousand tons in 1908-09 to the record figure of 78,000 tons in 
1929-30, though there has been a fall to about 60,000 tons in 
subsequent years owing to the depression. I may also refer to 
the utilization of wastes by the making of composts in which the 
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City Municipality of Mysore took the lead, and of which something 
like 12,000 tons were supplied during the last four years from 
the Sewage Farm of that City. Green manures too have been 
widely taken up, so much so that the trade in the seeds of sun- 
hemp in Mysore and of Kolingi—a wild indigo in Madras, are 
now of respectable magnitude. 

It is in respect of crops, however, and of the work of the 
, , T 1 plant breeders that the changes which 

varieties of erops. about amount almost to a 

romance. Speaking for the whole of India 
we may note that the new wheats evolved by the Howards 
at Pusa are now grown over an area estimated at million 
acres The numerous new strains of cotton evolved to suit 
different tracts and purposes of the Punjab, the improved 
varieties of the best cotton areas of Bombay and the Central 
Provinces and the Cambodia Cotton and other improved strains 
of South India, all these in the aggregate cover something like 
3| million acres at present. The Coimbatore sugarcanes have 
all but displaced the local canes in Upper India and have even 
overflowed into the other continents. In respect of thick 
canes, Mysore takes the lead, and the many excellent varieties 
evolved by the Mysore Department cover not only the Mysore 
State but have been taken up in the best cane areas of Bombay 
also. The G.E.B. 24 paddy of Madras has become one of the 
most favourite varieties of paddy in South India including 
Mysore, while in the latter State the new strain of ragi H. 22 has 
all but displaced the local strains in many districts. The same 
story can be told of the varieties of groundnuts, Spanish and 
Small Japan, which mature in about 3 months’ time and which 
have an erect and bunched habit of growth, easy of harvest in 
contrast with the old trailing varieties which take about five 
months to mature and which are expensive to harvest. The 
advantage of easier and less costly harvesting and the possibility 
of raising an additional crop in the same land have been greatly 
appreciated and have consequently led to their cultivation 
over very extensive areas in Mysore, Madras and Southern 
Bombay. In fact every one of the Departments of Agriculture 
in India can claim one or more notable achievements in this 
particular branch of work, and the total all-India area under 
all the improved varieties of different crops is estimated at nearly 
14 million acres. The money value of these improvements 
will be a staggering figure if it is properly and fully computed. 

In respect of plant diseases, the spraying with Bordeaux 
mixture of the areca nut against Koleroga, 

measures 0^ the same material 

plant diseases and the leaf disease of coffee in Mysore, 

insect pests. very striking illustrations, and have I 

venture to think no parallel. The lot of 
the ordinary areca garden owner of the malnad of Mysore is 
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cast amidst nature’s hardest conditions; situated amidst hilis 
and jungles in a tract with a very sparse population and con¬ 
sequently with a great scarcity of labour, with every kind of 
work having to be done by manual labour including the carrying 
of manures and produce, with a torrential monsoon rainfall 
which in certain parts reaches even 300 inches and practically 
bottling up the tract during this season, and the harvest of 
the produce and the spraying of the areca bunches being a 
hazardous operation almost in the nature of an acrobatic 
feat, the average areca garden owner, illiterate, poor and 
bleeped in debt, is an object of great commiseration.. And yet 
the reme<lial measures devised by the Department hav<^ appealed 
to him so greatly and have meant so much saving and relief 
that spraying has been taken up universally. There is no 
garden owner, however poor he may be and in whatever remote 
and inaccessible parts his garden may be situated, who does 
not keep two or three sprayers in regular use, buying his annual 
requirements of copper sulphate, castun and lime, and the needful 
repair parts, and carrying out the spraying Work almost 
religiously. I think I am justified in saying that this lias no 
parallel anywhere. Back of this result is of course an immense 
amount of departmental work in the shajai of research, experiment 
ill the laboratory and in the field, propaganda, and last but not 
the least an efficient sales organization. A loss of one-third of the 
crop may be said to be the result of an ordinary visitation of 
the disease; often times the loss greatly exceeds this proportion. 
Even at that rate the money value will be easily about five 
lakhs of rupees, all of which is now saved by this work. Against 
the leaf disease of coffee—Hemolia vastatrix—the same remedy 
has bemi recommended, and has been taken up quite extensively 
by coffee planters both European and Indian. The popularity 
of spraying may be realized from the fact that there are S,500 
hand-sprayers now in use, in addition to 500 large sprayers 
of the D.S.P. pattern and five motor driven sprayers in the 
State. The value of the annual sales of copper sulphate, lime 
and casein generally amounts to over Rs. 50,000, which is 
exclusive of the quantities bought by the planters direct. This 
control by means of spraying bids fair to become very wide¬ 
spread in the coffee tracts and areas outside of Mysore as well 
where they have now been in use for some time. Many a little 
improvement in this extensively Used Bordeaux product in¬ 
troduced by the Department may also be referred to here, 
such as the use of local oils like linseed oil and gingelli oil 
as a substitute for the casein in the mixture, and of the use of 
small quantities of jaggery with the mixture to keep it from floc¬ 
culating and subsiding. The latest of these spreaders to be tried 
with success is sugarcane molasses from the sugar factory. 

In the section of entomology, the South Indian Departments 
can easily take credit for that most spectacular achievement. 
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viz., the eradication of prickly pear. It is now a familiar story 
that Australia after prolonged, persistent and costly efforts 
in which every possible method of control was attempted, such 
as cutting down, ploughing up, smothering with tanklike trac¬ 
tors, burning out with mechanical fire throwers, finally succeeded 
with the humble cochineal insect in exterminating the pest 
and reclaiming vast areas which had been overrun. South 
Indians were not slow to take advantage of this discovery and 
the insect was promptly introduced here. The result has 
exceeded the most sanguine expectations, and although it is 
hardly ten years since the insect was introduced, the prickly 
pear has all but disappeared from the country side. Giant 
bushes and impenetrable jungles of prickly pear have given 
way and perished leaving only their dead shrivelled skeletons to 
strew the ground, while a little fire finishes up these remains. 
A clean-up of this vast and unprecedented character which 
cost no-body anything has struck the ryot certainly with amaze¬ 
ment. Looked at from the point of view of reclaiming much 
valuable land for cultivation or grazing, or from that of village 
improvement by ridding them of such a serious pest, it has 
been a great work. The fact that it costs nothing at all makes 
a great appeal to the ryot. This is in fact the method of pest 
control, which he would strongly advise us to pursue in respect of 
all crops pests ; not your sprays and washes and dusts, nor your 
handpicking or your light traps and trash-traps. That is quite 
a natural desire, one only wishes it were possible. It incidentally 
shows what great possibilities await this method of biological 
control, directly as in the case of this cactus or indirectly as in 
the case of insect parasites. 

Another line of activity in which really remarkable progress 
has been attained relates to the popularization of inoculation 
against cattle diseases, A most intensive campaign against 
rinderpest has been carried on for some years now in Mysore, 
with the serum alone method in the beginning and now with 
the' serum virus simultaneous method. The success of the 
campaign ha^ been most gratifying as there has been a continuous 
and steady decline in the mortality, which encourages us to 
hope that we may be able to banish the disease altogether from 
our midst. Similar activity prevails in respect of other cattle 
diseases as well, and the work is now being cheapened and speeded 
up consequent on the opening of a serum Institute in the State 
where most of the sera and vaccines required by us are now 
manufactured. The point of interest for our present purposes 
is the change in the attitude of the- ryot from one of indifference 
and even hostility to one of eager welcome and co-operation. 

The above resume amply demonstrates that the work of the 
Agricultural. Departments in India has resulted in a measure 
of practical and immediate benefit to the agriculturists, the 
money value,of which will xiin into (awes of rupees. That 
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the ryot sliould have taken up such improvements strikingly 
shows that he is not at all slow to respond, and such an attitude 
should put heart into every worker in the field of agricultural 
science. 

Now most if not all the items of work that have been 
referred to so far ha\e been the result of 
Aa example of many years of endeavour, covering more or 
quick results and period of some fifteen years at least. 

Sugar Industry in ^ remarkable instance 

Mysore. of improvements having been taken up with 

surprising rapidity, overnight one might 
say, compared with the prolonged and strenuous period covered 
by the former. I select it for a separate description because 
it is full of lessons on each of which it will be profitable for us 
to pause and consider. The subject relates to the development 
of the Sugar Industry in the Mysore State. 

The Mysore State has, as you may be aware, one of the 
largest irrigation projects in India in what is called the Krishna- 
rajasagara project. An immense dam across the river Cauvery 
impounds water which serves the double purpose of ensuring 
a sufficient flow of water during all months of the year over 
the waterfalls at Sivansamudra, where the hydro-electric power 
is generated, and is secondly designed to bring under irrigation 
something like 1,50,000 acres of dry land. In 1932 the scheme 
was sufficiently advanced to admit of giving irrigation to certain 
tracts and this partial completion of the project synchronized 
with that great landmark in the progress of industry and agri- 
evilture in India, namely, the granting of protection to the 
sugar industry. How quickly the industry resiK)nded to this 
stimulus all over the cotmtry and factories began to be started 
is now well known. Mysore lost no time in taking advantage 
of the situation. An up-to-date factory to crush 700 tons of 
cane at the outset, which has recently been expanded to handle 

I, 400 tons of cane, was decided upon and the cultivation of the 
sugarcane over the necessary area was taken on hand. The 
tract of country which came under irrigation was purely dry, 
cultivation was precarious and the ryots poor, and agriculture 
generally backward. The cultivation of cane was not only 
a novelty but being a costly crop to grow requiring special 
knowledge was attended with considerable difficulty. And yet 
over an area of 3,000 acres, which has at present expanded into 

II, 000 acres, you see every acre ploughed and prepared with 
improved iron ploughs and cultivators; the same variety of 
cane H.M. 320, one of the best varieties evolved by the Depart¬ 
ment, planted throughout, every acre manured with artificial 
manures composed of sulphate of ammonia and superphosphate, 
in many cases supplemented by a basal dose of the compost 
from city refuse I alluded to in an earlier part of this paper; 
the same method of application of the manure, the same 
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methods of the earthing up and of irrigation, all of a special 
kind recommended by the Department are adopted through¬ 
out ; so likewise are the methods of ratooning the cane. All 
these are improvements which would have taken years to 
accomplish under ordinary circumstances. That in this tract 
they should have been adopted so quickly and on such a largo 
scale has been possible only by this combination of a profitable 
industrial undertaking with agriciiltimal enterprise. It has 
been possible furthermore for the factory to finance the culti¬ 
vation of the ryots’ cane, as the amount advanced is recovered 
easily from the price jjaid for the cane which tinder contract 
is to be supplied to the factory. The system ensures a ready 
outlet at reasonably fair rates for ail the cane grown by the 
ryot on the one hand, and on the other the cultivation of the 
cane itself in the most efficient way, variety, cultivation methods, 
and manuring all being the best and most adequate, because 
part of the sale proceeds of the cane reaches the ryot only in 
the shape of imjdements, seed cane and manure and a small 
advance for cultivation expenses, and not as ready money paid 
in a lump sum which may not be spent on the crop but may be 
utilized for their purposes. In this manner since the factory 
was started these cane growers have been supplied with 1,900 im¬ 
proved ploughs and 4,000 tons of fertilizers. The area includes 
one large oxjierimental farm of 000 acres for all experimental 
work on sugarcane and for the supply of seed cane, and tliree 
large Government sugarcane farms (since transferred to the 
management of the Sugar Company) about 2,000 acres in extent 
which in addition to growing cane for the factory serve as 
demonstration farms as well. The experiments on the Govern¬ 
ment faim comprise manurial trials, the breeding and testing 
of cane varieties, improvements in cultivation such as irrigation 
and drainage methods, the testing out of remedial measures 
against sugarcane borer, principally by the large scale rearing 
and releasing of parasites, the testing of a number of crops which 
can be recommended as rotation crops with sugarcane, problems 
connected with ratooning and so on. In the factory itself, in 
addition to the manufacture of sugar as elsewhere, an up-to-date 
distillation plant designed to manufacture spirit of all strengths, 
both potable and absolute alcohol, and thus to utilize molasses 
to the fullest extent for industrial alcohol, forms a most 
important adjunct. Trials for the utilization of molasses for 
manure on a large scale and also as a road bindii^ material 
have also been taken up, and the results of this if satisfactory 
are bound to have an important and far reaching effect. The 
tract itself has been opened up by many roads and cart tracts, 
a large outlet for the rj'ots’ labour has been created, and the 
exodus to the cities and plantations considerably reduced. 
The ready money returns from the sugarcane cultivation is 
helping the ryots to extinguish their debts and will soon enable 
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them to rise out of their squalor and sordid poverty and to arrest 
the decay of the villai'e. The reaction on other activities and 
trades, catering, house building, transport by rail, motor and 
cart, all of which have been greatly profited, has been quick 
and striking ; while in a larger sphere the income to the Govern¬ 
ment, both directly as the major shareho’ders of the Company 
and indirectly by way of other earnings, has been beyond expec¬ 
tations, ushering in altogether an era of all round prosperity. 

Now the first lesson I would draw from tliis picture of 
agricultural development is the linking up 
Tho need for of an important manufaetrring industry 
linking np agri- agriculture, mutually deimdent and 

manufarturing sustammg the other 11 a form of 

industry. colossal symbiotic existence. Through the 

door of a profitable ontlet for his produce, 
f.he ryot has been quick to take to agricultural imjtrovements 
which otherwise would have taken years of effort to bring about. 

It is true that the success of the sugar industry is due in 
the first instance to the protection which has been granted 
to it; but carried out on the proper lines, under efficient and 


U])-to-date management, and given the necessary facilities for 
full utilization of the bj^e products, it is reasonable to expect 
that the industry will in time be able to dis})ense with the pro¬ 
tection. 


It is therefore the need of industries like the sugar industry 
which will directly utilize the products of agriculture in the 
country that I would strongly emphasize tho need for an alli¬ 
ance of tliis character between agriculture and industry. This 
need for sut:h an alliance will become more and more keenly 
felt as the years go on, because the interests of the agriculturist 
are likely to clash with those of the industrialist, where the 
former depends upon an export market for the raw produce 
which he raises, and the local industrialist has to compete for 
this raw material with his wealthier overseas rivals who may 
pay a better price. Substantial Sitate aid may be necessary 
in the shape of protection, subsidies, railway concessions, 
Government patronage of local manufactures to the exclusion 
of foreign ones and so on. But no efficient way of increasing 
the prosperity of the agriculturist can be thought of than this 
combination of agriculture with industry, for that alone will 
increase the earning power of the ryot. Without such a direct 
increase in the ryots’ income no scheme of rural uplift will 
bear fruit. 


In this connection I may also give you another instance 
of the beneficial results of this happy combi- 
nation, and this relates to the cultivation 
dustry in G^uLutT American tobacco in the Guntur District 
of the Madras Presidency. With the advent 
of the Imperial Tobacco Company into this tract with the 
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object of cultivating American tobacco and adopting flue 
curing methods and preparing leaf fit for manufacture of 
cigarettes, the agricultural prosperity of that neighbourhood 
has jumped up by a bound. The ryots’ income rose, cultivation 
methods have greatly improved for the better, while curing 
methods have undergone a radical change. With curing came 
proper conditioning, and the industry expanded to such an extent 
as to be able to export cigerette tobacco to Great Britain and 
compete with similar tobacco from other countries like the 
United States or Rhodesia. The tract now grows about 35,000 
acres of American tobacco and some 80,000 acres of local 
tobacco. Of flue curing bams there were 1,601 last year, as 
against 253 during the year 1932, and conditioning has been 
taken up even by the local landlords. The magnitude of the 
organization itself is a most impressive spectacle in the tract, 
despite even the present day depression. It may be predicted 
that a similar measure of prosperity will accrue to the rubber 
growers of Travancore as a result of the local manufacture of 
rubber goods, which has been undertaken by that Government ; 
although the growing of rubber is not a peasant occupation, 
but is in the hands of large capitalist companies. On a small 
scale the manufacture of casein in the butter making dairies of 
Western India has acted as a great fillip to dairying in that 
tract and raised the income of the farmer. 

It is needless to multiply instances, it is easy to see that 
this combination of the two interests is 
Desirability of necessary, and if the efforts of the Department 
organizations like benefit the ryots quickly 

Central ” Com- widely, the fertilizing effect of this com¬ 
mittee for other bination is necessary. I have often thought 
important crops. that an organization like the Indian Central 
Cotton Committee, comprising as it does the 
grower, the scientific worker, the trader and the manufacturer, all 
the interests concerned in fact, will be of great advantage in res¬ 
pect of all the other important commercial crops of the country, 
whether it be sugarcane, oil seeds, tobacco or other crops. A 
practical bent along the most promising lines of investigation 
can always be expected to be given by the trade, while the 
alertness of the manufacturer can be trusted to bring about 
the relative manufacturing industry to furnish a ready and 
paying outlet for the crop grown. No more valuable allies 
than these, viz., the trader and the manufacturer, can be thought 
of to enable the scientific agricultural worker in his endeavour to 
help the grower. For this same reason let us hope that the 
newly created Central organization for Industrial Research 
will bestow special attention upon the industrial utilization of the 
products of agriculture, whether they be field crops, fruits, 
vegetables, miUE and milk products, dyes. or perfumes, and 
whether the;^ be the main products or the bye-produots. 
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The next lesson I wonld touch upon with reference to this 
development is the subject of the profitable 
The Sugar In- utilization of the bye products of the sugar 

prowL of molw' mdiistij- principally molasBes. MolasBes I 
ses utilization. ii©ed hardly explain can be put to a variety 
of uses—-cattle feed, distilling into spirits 
of various strengths for the production of potable and industrial 
alcohol, for carbon dioxide, for fuel by itself or made into 
briquettes with coal dust, begasse, cotton mill sweepings, or 
other waste material, for manure, and lastly for the use to which 
it is being put in Mysore as a road material much in the way 
tar is used for similar purposes. At the present time the most 
profitable use is certainly the manufacture of alcohol. Here 
and there in the country distilleries form an adjunct to sugar 
factories, and potable alcohol is being produced. But the 
amount of molasses that could bo absorbed by this method is 
very little indeed compared with the huge production both 
present and prospective. It is in the manufacture of industrial 
alcohol as a partial substitute for petrol that we must look to 
a method of utilization that can be at all adequate. It is needless 
for me tc) stress the importance of this product to India in these 
(lays when all countries consider it of vital importance to be 
self-contained in respect of their ])etrol and petrol substitutes, 
and when our own country has to import all the petrol that it 
requires. Nor is it necessary to picture to our minds the great 
development industrial and otherwise that is bound to follow 
in the wake of the local manufacture of industrial alcohol. 
Furthermore, without a profitable use of this or other kind for 
this important bye product, it is doubtful if the sugar industry 
will at any time be able to dispense with the need for protec¬ 
tion, and should the protection be withdrawn or materially 
reduced, the industry will run the risk of reverting back into its 
pre-protection decay leaving behind a trail of incalculable loss 
and ruin. A product like molasses does not lend itself to long 
distance transport and practical considerations will necessitate its 
utilization at or not far from the factories. The Mysore State 
has fully envisaged the needs and possibilities of the situation and 
has very wisely added a most up-to-date alcohol distillation 
plant as an adjunct to its sugar factory, which may bo expected 
to deal with its molasses for the production of industrial alcohol 
as a petrol substitute and incidentally furnish data of a most 
useful character for the benefit of the sugar factories throughout 
India. An export trade in molasses will not furnish a satisfactory 
alternative outlet for the product. For added to the difficulties 
of transport to the coast from long distances in the interior 
of the country is the uncertainty of an export market 
both as regards a remunerative price and the duration of the 
demand; it is doubtful, therefore, if the outlet can be relied 
upon as a satisfactory method of utilizing molasses. 
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The utilization of molasses as cattle feed and as a manure 
certainly affords possibilities in our country where we have 
an abundance of neither the one nor the other ; both are more¬ 
over among the most crying needs of the country. One wel¬ 
comes therefore the work already being carried on by scientific 
officers and by some of the factories themselves by way of 
experiments both in the laboratories and in the field as to the 
best manner in which it should be used for either purpose. We 
should be thankful to the Im|>erial Council of Agricultural 
Research for the grant which they have recently made for 
continuation of work on this subject, as indeed for numerous 
other schemes of investigation, 3jet us hope that these two 
methods of utilization which are directly of advantage to agri¬ 
culture will be so developed that the factories themselves will 
dwm it worth-while to have recourse to them for the profitable 
disposal of their molasses. But it will be some time before the 
results of tae endeavours of both factories and scientific workers 
in these directions can materially solve the problem of molasses 
disposal. For one thing, in spite of promising laboratory ex- 
]>eriment8 both in Allahabad and in Bangalore, field experiments 
on cane manuring with molasses have not given any striking 
indication in its favour. Practical difficulties in transport, in 
the manner of application, in the need for a considerable interval 
for weathering in the soil also militate against its use as a cane 
manure at present. The experiments will have to be continued, 
the effect on other crops will have to be tested, and the methods 
and time of application, the addition of other ingredients which 
may increase the efficiency of the molasses and other matters 
will have to be examined and tried,—all of which means time, 
at least several crop seasons. 1 may add in this connection 
that as a manure on alkaline soils for paddy growing the appli- 
^ cation of molasses at the rate of one ton per acre has yielded 
’ satisfactory results in Mysore and that this experiment is being 
continued. In respect of a prepared cattle feed like molass- 
cuite the question of a cheap carrier or filler like begasse 
or shredded straw is not an easy one to solve. No factory 
has any over abundance of begasse to spare for this purpose 
after its fuel needs are met, and the shredding and cost of 
straw may make it too costly. Shredded groundnut husks 
and ^oundnut hay may be suggested for trial in this connection, 
and if these should be found to be suitable it will solve the 
problem in an ideal manner. The reason is that if groundnut 
should be grown as a rotation crop with sugarcane, as it emi¬ 
nently deserves to be, and as no doubt it soon will be on a 
large scale, then very large quantities of groundnut husks and 
groundnut haulms and hay will become available as a waste 
product, for which utilization as fuel or manure will be about 
the only method of disposal. But as an ingredient suitable 
for mixing with molasses as a cattle feed, it will become an 
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article of value, will add to the profits of groundnut cultivation, 
and will solve the problem of molasses utilization so that the 
cultivation of sugarcane and groundnuts will be mutually 
helpful and perfectly complementary not only on the field but 
also in the factory. It is earnestly to be hoped that investiga¬ 
tions will be speeded up in both these directions and alternative 
materials and methods found out. The improvement of cattle, 
both milking and draft, is intimately bound up with the question 
of adequate resources of cattle feed, and we cannot neglect the 
opportunity now presented to us by this new and almost un¬ 
limited supply of a valuable feeding material. 

While on the subject of bye products, I would state that 
.. . scientific work with a view to finding out pos- 

Se product utilizing certain waste producits 

of agriculture is worthy of being taken up, as 
these may if successful increase the money return to the ryot 
from the crops concerned and also load to the starting of new 
industries. These products are the husks of the arecanut, 
coffee pulp, the husks of over ri^ie cocoanuts, the ‘ stems ’ 
of plantains, groundnut husks, paddy husks and so on. Ac¬ 
cumulation of these waste products is very large in the areas 
where these crops are grown and their disposal becomes a 
difficult and serious problem, even burning or using them as 
manure being found not always adequate or easy. Now and 
again some method or other is suggested more or less in a cursory 
manner such as the utilization of the areca husks for spinning, 
as tow or stuffing, coffee pulp for fermenting and plantain 
stems for fibre. Elsewhere the manufacture of cellulose and 
of furfurol is indicated as possibilities, but little has come out 
in practice An organization of the kind I have suggested on 
the model of the Indian Central Cotton Committee for other 
important crops will help in focussing attention on such matters 
as well. In any case the returns from farming are so low that 
the need for some profitable utilization of these waste products 
demands more practical attention. 

I referred earlier in this paper to the growing popularity 
,. of artificial manures and to the significantly 

‘Quality mcrops j imports of these manures into this 
country. When the present depression in 
agriculture lifts, almost the most important and immediate 
result will lie a more extended use of these manures and a 
larger import. It will be a great advantage at this stage to 
bestow some attention on the question of the influence of manures 
on the ‘ quality ’ of produce. As you are aware the value 
of the manure is judged at present almost entirely by the total 
quantity of jaroduce harvested whether it is paddy or groundnut 
or sugarcane or tobacco or coffee. What result any particular 
manurial ingredient or combination of ingredients may have 
on the quality of the produce has not so far received the attention 
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it deserves. Take the case of sugarcane for example. Will 
it be possible to increase the sugar content of the cane by special 
methods of manuring, so that we may add to the advantage of 
a high tonnage a higher sugar content also, leading thus to a 
larger outturn of sugar not only per ton of cane but also per 
acre? Will it likewise be possible by methods of manuring to 
increase the oil content or the proteid content or whatever else it 
may be which gives to any particular produce its special economic 
value ? To what extent will it be possible for us to alter the 
texture of the tobacco leaf and its burning quality, so as to make 
them more suitable and valuable for the purpose for which they 
are esteemed 1 Or again can we improve the strength, colour 
or spinning quality of any particular cotton by methods of 
manuring ? Some of the Indian oilseeds which enjoy a tariff 
as against Non-Empire produce in the British market are said 
to be less in oil content than the latter and that on this account 
the trade favours these in spite of the higher duty. What a 
great advantage it will be if the varieties, naturally suited to 
this country can by means of manuring be improved in their 
oil content need hardly be pointed out. Not long ago it was 
given out that the keeping quality of the hill plantains of 
Madras was markedly improved by a larger use of potash 
manures, which made it therefore more suitable as a commercial 
product which could stand storage and long distance transport. 
It has also been mentioned, you may remember, that manuring 
with cattle manure increases the vitamin content of certain 
grains and improves their productive capacity as seeds, while 
its exclusion has the reverse effect. To what extent have 
these statements been verified, and if true how can we amplify 
them and apply them to the case of all kinds of produce as well ? 
Will it again be possible by any system of manuring to improve 
the quality of coffee or tea grown in certain tracts to approxi¬ 
mate to that of the best kinds ? Such work will necessarily 
have to be preceded by investigation to find out what exactly 
ccmstitutes ‘ quality ’ in these products, so that it could be 
measured and assessed. Indications point to the possibility, 
at any rate they certainly do not shut it out, that many of these 
factors of economic value w'hich we are considering respond to 
changes in manurial treatment. It is only in respect of the ash 
and similar ingredients in the seeds of crops that it is generally 
believed the composition is constant, irrespective of the 
manures ^ipplied. But the characters of economic value even 
in the case of the grain crops, oil seeds, pulses, and coffee are 
different from their mineral composition, and the possibility is 
therefore not excluded of changing them by methods of manuring. 
In the case of sugarcane and tobacco, it is not the seed but the stem 
in the one case and the leaf in the other which are concerned, 
and so the fact of the constancy in composition will not apply 
to these at all: In the case of the tobacco it is well recc^zed 
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that the chlorideB of potash affect prejudicially the burning 
qualities of the leaf while the sulphate does not; that it is also 
possible to increase the nicotine content of the leaf by special 
nitrogenous manuring, and that further certain manures render 
the leaf harsh, inelastic, short and dry and less fit for the better 
class of wrappers. In rice and wheat, manuring with sodium 
nitrate in two or three doses and at particular stages in the growth 
is claimed to increase the nitrogen content in the grain. In 
the case of groundnuts potash manuring is claimed to increase, 
and its exclusion to reduce, the oil content. Potash manuring 
in some recent experiments in certain centres in the country 
conducted under the auspices of the Kali Syndicate is claimed 
to result in increasing the sugar content of the eane. Heavy 
manuring, especially with nitrogen, is generally believed to he 
prejudicial to quality in barley, and in the case of fruits and 
vegetables to the keeping quality and even to their taste. It 
is also common experience in the case of rice that differences in 
soil materially affect the quality, as superior fine rices of certain 
soil tracts often deteriorate, into an inferior or coarse kind when 
grown in a different soil. I mention these instances to show 
that work along these lines designed to find out if many of 
these claims can be substantiated and to what extent the quality 
of produce can be improved giving it a higher money value, is 
likely to lead to very useful results. It is possible that the action 
of manures on the characters of economic value in different 
products has in the past gone unnoticed in the innumerable 
manorial experiments conducted by the various departments 
on the different crops, because the performance at the weight- 
bridge alone has been the test of the value of the manures, 
while their effect if any on the quality has not been looked for. 

I shall now pass on to another aspect of the manuring 
problem to which it is time w'o paid some 
Manures and soil special attention; I mean the possible 

raanuring. Tt is a 

hygiene. matter of general experience that on the 

large majority of Indian soils it is only 
nitrogenous manures that produce striking results and increased 
yields ; phosphatic manures either do not result in any increased 
yields or do so only to a very small extent almost negligible in 
comparison with that of nitrogenous manures, and often not 
at all sufficient to cover the cost of the manures, and that 
where potash is concerned the case is still worse, the increase 
is very little if any at all, while in certain cases there is even 
a depression in the yield. Of course with certain soils, and 
with certain crops, the results may be somewhat different, but 
on the whole the general experience is as I have stated. The 
natural result therefore is a tendency to confine oneself more 
and more only to nitrogenous manures, to the exclusion of the 
phosphatic and potash manuring. It is only the nitrogenous 
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mamires which pay, and it will be idle to expect a farmer to 
spend money on any manure which does not pay. Sulphate of 
ammonia is about the only manure which the ryot frequenting 
the sale depots goes in for, talks about the need for phosphate 
or potash in addition going practically unheeded. Such one¬ 
sided manuring is bound to have a deleterious effect on the soil 
and it should be only a question of time when this effect becomes 
felt on the yield of crops. Perhaps it is already affecting the 
crops through diseases, physiological disturbances and impaired 
ability to resist disease, or through a change in the quality of the 
produce or through other insidious Ways which either are not 
sufficiently conspicuous or are attributed to other causes. Any 
injury to the permanent fertility of soils on any large scale 
is too serious to contemplate, and it is best we make endeavours 
in the early stage itself to prevent it, acting on the wise maxim 
‘ a stitch in time saves nine *. It is therefore of importance 
that the effect of the fertilizers in other ways than mere yield 
be studied more systematically than at present, on the soils 
and conditions prevailing in this country, in which attention 
will be paid not only to the composition and quality of the 
produce and the effect on the vegetative growth, predisposition 
to disease or the incidence thereof and so on, but also to the soil 
reactions, root development, bacterial and other changes below 
the ground. 

The action of compounds other than those usually con¬ 
sidered of manurial value, such as various elements like manga¬ 
nese, zinc, boron, etc., is also worthy of study in this connection, 
many of these being at present reputed to act somewhat like 
catalysts in their action in increasing crop yields. The large 
volume of work which has already been done in other parts of 
the world encourages one in the belief that in one or other of 
these we may even discover remedies for some of the plant 
diseases which baffle us at present, especially those which are 
put down to physiological disturbances, viruses and so on, 
such as chlorosis, mosaic, spike disease of sandal, red leaf blight 
of cotton, etc. In fact, the role of even the ordinary soil consti¬ 
tuents, either of a deficiency or of an excess of one or more 
constituents, in the causation or prevention of diseases of crops 
has not yet received in the country the attention it deserves, 
unless it be in respect of lime and of phosphoric acid about the 
latter of which there used to be considerable controversy at 
one time. Much less therefore has been the attention that 
these other elements, including the rare elements, have received. 
It may not be altogether fantastic to bring in the analogy of the 
relation between vitamins and the human system and apply 
it to the possible ultra-subtle action of various soil constituents 
including even the rare elements, in respect of these crop diseases, 
and to look to their action as a possible solution of the problem 
of the causation and the remedy for these diseases. 
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The problem of crop pests and diseases is indeed one which 
demands considerably more attention at our 
hands than many others, and its importance 
is bound to increase as intensive cultivation, 
large scale cultivation of commercial crops, 
and the growth of superior high yieldmg 
varieties evolved by the plant breeders, 
increases as the result of the efforts of the Departments. The 
plant breeding sections have so far been the most popular, as 
very striking results have been produced already and the prospect 
of equally striking results being yielded as the result of further 
work in the case of every crop is always bright and promising. 
Compared with the work of this character, tho work of the 
Entomologist and Mycologist is somewhat discouraging; it 
has not been found possible to afford relief by way of simple 
and effective remedies for the large number of pests and diseases 
which are always with us and which levy a heavy toll on the 
income of the ryot. The losses in the aggregate will be beyond 
calculation and in many individual cases spell absolute ruin 
to the grower. More staff and more money have to be diverted 
to these important branches of work, if it be only to guarantee 
to the ryot what is indeed his barest due, let alone a sufScient 
return for the money and labour and enterprise he may invest 
in improved cultivation. Early in this paper I referred to some 
striking results achieved, viz., the introduction of cochenial to 
eradicate the prickly pear, and the spraying of Bordeaux mixture 
in the case of leaf disease of coffee and the koleroga of the areca- 
nut. But of pests and diseases the number is legion and I do not 
know if there is a single crop in this country which is not 
subject to some serious disease or other; what has been accom¬ 
plished so far, striking though it may be, is therefore nothing 
compared with what remains to be done. 

Let me now refer to one or two cases to illustrate my 
remarks. The extensive cultivation of sugar- 
t purposes as the result ol 

the sugar iudustry. ^he recent development 4 described at some 
length, has brought in its train a difficult 
problem, viz., the sugarcane borer pest. Though this has always 
been with us and remedies suited to small scale cultivation have 
Iwn devised and adopted with some success, this large cultiva¬ 
tion on thousands of acres within a limited and compact area has 
brought in a new factor; added to this is the more serious one 
that cane is grown practically throughout the year in order to 
have as extended a crushing season as possible for the factory. 
What with planted in more than one season in the same year, 

a^ what with the cane ratooned, the crop is on the land always 
without any interval, creating ideal conditions for a continuous 
and unintdrupted prevalence of the pest. Borer attacking the 
young cane soon after it sjnrouts wijies out whole fields in bad 
27 
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caBes or creates numerouB gaps, in both of which cases extensive 
replanting has to be done. Borer attacking fairly advanced 
cane ruins the top shoot, prevents further growth of cane and 
induces side shoots, reducing thereby not only the tonnage of 
cane but also the quality of the juice. It is easy to realize what 
this state of aflairs means when it prevails over an area of some¬ 
thing like 10,000 acres of cane concentrated in a compact area. 
Cutting out dead hearts, the catching of moths under trash traps, 
killing out the grubs in the seed setts by immersion in water 
have not been found adequate, nor can relief be sought in resistant 
varieties of canes, for none so far has been found to be sufl&ciently 
immxme. Here therefore is a case where the method of control 
by the release of parasites on the pest, which can efficiently 
keep it imder check or wipe it out of the area altogether, is 
indicated; as a matter of fact, in this cane tract in Mysore 
special methods have been devised to rear out the parasitic 
wasp {Trichogramma minutum) on a scale sufficiently large 
for release over the whole tract, and I would only emphasize 
here the desirability of our devoting more attention to this new 
line of attack, not only in respect of the cane pests but of others 
as well. I am glad to see that a serious note of warning 
has been sounded in this respect by that authority on sugarcane 
problems, Mr. Noel Deer, who states as the result of a survey 
of the cane crop in Upper India that the loss due to this pest 
may be put down as well over a crore of rupees per year. He 
also bears personal testimony to the ‘ spectacular and eminently 
successful ’ caropaign of the parasitic method of control of the 
borer pest in Hawaii, and strongly urges a detailed and long 
continued trial of the same method in India. The possibilities 
of a recent development of the light trap methods which is being 
demonstrated and which is claimed to be" successful against 
mosquitoes and other insects, deserve also to be explored, as 
indeed the possibilities of light in many forms. I may also 
add that in Mysore it has been found that the earthing up of 
the cane rows at a very early stage greatly reduces the pest and 
that the value of the method is being further tested. 

Many of the major crop diseases are sufficiently important 
and baffiing that it will be necessary to 
Special organize a many-sided attack if I may call 

disease research. it SO ; I am particularly referrmg to the 
wilt disease of cotton and tur, to the red 
leaf blight of cotton, the spike disease Of sandal (though this 
is not an agricultural crop) and such like ; where its importance 
warrants it, not only the Mycolo^t, but the Chemist, the 
ihitomologist, the Economic Botanist and the Agronomist 
should each attack the problem from his respective angle. 
Possibilities of electricity and irradiation with special rays piay 
be explored with advantage. Those of us who have followed 
the work of Dr. Nehru in this new and fascinating field of 
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research must have strong hopes that very useful applications 
may become possible and even practicable with this new weapon, 
not only in the matter of increased crop yields but also of 
disease control. With proper arrangements for consultation, 
co-ordination and economical team work, it will, I think, be 
possible to elucidate these baffling problems and to devise 
suitable remedial measures much more quickly and satisfactorily 
than otherwise. A beginning has been made here and there in 
pursuing this method of joint investigation, but it deserves to 
be strengtnened and extended to all the major diseases. 

Before leaving the subject of crop pests and diseases, I 
shoidd like to make a brief rofe ’ence to the 
of weed control—I mean the weeds 
which in practice transcend the ordinary 
methods of cultivation. We seem to be still far away from 
the possibility of eradicating or keeping down the lantana, 
recent work being in one respect positively discouraging. You 
vill remember what great things were at one time expected 
from the lantana fly and how efforts wore made to import live 
specimens from Hawaii for breeding, multiplication and control¬ 
led release for trial in this country. These trials as you know 
showed that as destroyers of lantana the flics were poor per¬ 
formers and that the method was not of much value under 
the conditions of our country. It now transpires that the fly 
has been with us all along though at that time quite the contrary 
was believed, and the fact that the lantana still flourishes and 
overruns the country side finally decides the case against the 
fly as a lantana destroyer and puts it out of consideration. The 
water hyacinth on which also considerable time and attention 
has been bestowed continues to spread and still awaits a suitable 
method of eradication. An extraordinarily troublesome weed in 
the Mysore mahiad is the Touch-me-not {mimosa pudica), 
which having spread in the jungle, waste places, grazing areas 
and all open ground has now for some years invaded cultivated 
fields and valuable areca gardens. With the pest around and 
about everywhere, no amount of careful cultivation on the 
part of the ryot can keep it off and it has become the despair 
of the people. The fact that so much of waste land has been 
overrun by the weed where it is no man’s duty to spend money 
or labour for its eradication makes the problem more difficult. 
Another troublesome weed which is spreading with great rapidity 
in the districts of lesser rainfall is the thorny AUernanthera 
echirudus. The various means of weed control at our disposal 
at present, including spraying with weed killing chemicals, are 
not found adequate at all. It is to the resources of science that 
one looks for relief and I think that this subject of weed control 
with special reference to the ones I have named must receive 
more attention at our hands. I have not mentioned weeds 
like the Hariali {Cynodon daetylon) on the black cotton soils, 
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the bulb grass of garden lands and orchards or the parasitic 
weed striga of cholum fields, because they are confined to 
cultivated areas and are more or less amenable to the ordinary 
methods of weed control. 

I shall now pass on to the subject of animal husbandry. 
_ _ . Looking back over the past thirty-five years 

^ cannot help thinking that in the important 
matter of efiecting improvements in the 
quality of our milk cattle or of our sheep we have been able to 
achieve very little. One reason certainly is the clash of the 
conflicting claims of different methods of cattle improvement. 
Opinions have been sharply divided on the merits of these 
methods, whether it should be by a selective process in the local 
breeds themselves or by cross breeding with foreign breeds, 
whether again the buffalo should remain and receive attention 
as a milk animal or should give place to the improved cow and 
recede to the background; such action as has been taken has 
therefore been only of an experimental and tentative character. 
I doubt if even now we are in a petition to give a definite lead 
in the matter. Naturally, therefore, we have not been able 
to make any great impression on the dairy industry or on sheep 
improvement. There is the additional reason that the improve¬ 
ment of cattle even after a definite line of action has been decided 
is an extremely slow matter and requires the co-operation of 
enthusiastic cattle breeders. It is also mixed up with the 
question of raising fodder crops, of the improvement of pastures, 
of the conservation of fodder, and again of the disposal of the 
dead load of useless cattle and so on—recommendations in 
regard to all of which are beset with great diflSiculties in practice. 
Thanks, however, to the great demand for milk consequent 
on the growth of cities and the all but unif^ersal vogue of coffee 
and tea drinking among the people, dairying has received a 
great stimulus, and in this circumstance I have no doubt we 
shall * find a most valuable ally; for the steadily increasing 
and assured market for milk justifies and leads to an adequate 
feeding of the animals under the stimulus of which even ordinary 
animals improve in their milking capacity. An adequate 
measure of feeding will always remain the foundation of cattle 
improvement, and a steady and lucrative custom for milk will 
ensure this most indispensable requirement. Already in and 
around the oiti^ and in the outlying villages from which the 
city milk supplms are drawn, the quality of milking cattle both 
cows and buffaloes is deoidedl;ir -superior, the performance 
at the milking pad alone being tlm test, irrespective of whether 
th^ are cross bred or local animals. There is such a great 
dmi^d for good animals that cattle breeding whether in the 
villages or in the mties is surely though slowly responding to 
the stimulus. «We have also made great strides in the sphere 
‘ yetefipa^ scienoe, in the ^pe^cation of sera and vaccines and 
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in the popularization of the inoculation of cattle in the villages. 
This is one great obstacle, considered almost insuperable, re¬ 
moved from the path of cattle improvement, and a matter 
on which the Confess as a scientific body can feel gratified. 
We can, I think, look forward to a considerable hastening in the 
pace of cattle improvement in the coming years. 

In the course of the above remarks I have confined myself 
almost entirely to the technical aspects of 
agriculture and the application of science to 
the crop raising part of the industry, and have 
not entered that alluring field of rural life and economy with 
which the adoption of many of our recommendations in practice 
is intimately bound up. The petty and scattered holdings, 
open fields, absentee landlordism, insecure tenancy and old 
established customs, rural credit and indebtedness, the marketing 
of produce, the low general agricultural level implied by mere 
subsistence farming, all set very effective practical limits to the 
carrying out of improvements, and are subjects to which I would 
fain make more than a passing reference were it not that I feel 
I am aheady exceeding the limits of this discourse, I shall 
however with your permission touch upon at least one among 
these subjects, viz., the marketing of agricultural produce. 

As you are all aware, a section for marketing has been 
constituted under the Imperial Council of Agricultural Research 
in pursuance of one of the main recommendations of the Royal 
Comihission on Indian Agriculture. The need for such an 
organization and the benefits that are likely to accrue therefrom 
are too well explained in that exhaustive report to require any 
reiteration here. The art of marketing is so different from 
that of mere crop i^ising, and involves such an amount of special 
knowledge, that the ryot is generally at a great disadvantage 
when it comes to converting his produce into money. Be he 
ever so good and clever and enterprising in getting the best 
returns in the shape of produce whether it be crops, cattle or 
milk, it does not avail him at the marketing end of his years* 
efforts. I am not referring to the petty malpractices, exactions 
and other abuses in the unregulated markets which are generally 
complained of, nor to the lag between the prices which the 
cbnsumers pay and that which the grower receives. These are 
surely important enough, though the marketing surveys now 
in progress may bring out that none of the Intermediaries are 
earning more than reasonable wages for services rendered or 
risks undertaken. I am referring on the other hand to the 
faotore which affect both the producer and the merchant and 
which, as the rOauit of these marketing studies and surveys, will 
have to be dealt with ^ as to benefit both. The scope for wider 
marketing, preventioti of glut and diversion to other centres 
of demand, the requirements of the more paying markets, the 
notification (ff prices in the principal markets, attention to quality 
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in produce and grading, the holding up of produce, construction 
of store-houses, elevators and cold storage plants, assembling 
of produce and the cheapening of transport by road and rail, 
better regulated and less wasteful trade routes, facilities for long 
distance transport and even the larger ^questions of protection 
against foreign dumping will, I believe, be handled by the new 
organization which will thus so comprehensively organize 
marketing as to benefit not only the grower but the country 
as a whole. The need for such assistance even in normal times 
is obvious and has been frequently urged; but in view of the 
low prices and the serious depression in agriculture that has 
been prevailing, the organization has not been started a moment 
too soon. The surveys are an essential preliminary and should 
be exceedingly valuable, and should furnish precise and thoroughly 
reliable data which will incidentally decide the correctness or 
otherwise of many opinions based more or less on general im¬ 
pressions. Let us therefore welcome to our ranks this latest 
ally in the cause of Indian agriculture, and let us hope that the 
officers of this section will avail themselves of the forum which 
this Congress provides for discussion and exchange of views. 

I shall now bring this discourse to a close. The unprece¬ 
dented depression in trade, industry and 
The World de- agriculture that has been the most deplorable 
presBion in agri- feature of the last few years has hit no 

of ^ieMe in^ the f>ranch of human activities more seriously 
rescue. than the agriculturist, and the tragedy of 

it is that it should thus be the producer of 
the primary requisites of life that has suffered most. His fault 
is said to be not any slackness or falling off in his efforts, but 
the reverse, an over-zealous effort in fact and over-abundant 
production. The produce which his labours have taken a 
whole year to wrest from the soil is a drug on the market and 
unwanted. It is thrown into the sea, it is burnt in the fire or is 
allowed to moulder in warehouses, and this at a time when large 
sections of the human race suffer from hunger and cold and 
clamour for food and clothing. This curious paradox, ludicrous 
if it were not so tragic, has often been pointed out; but as 
to the cause and remedy doctors differ and the aoutest brains 
are apparently unable to find a solution. The most varied and 
stupendous measures are being attempted in all the countries 
concerned, notably in the U.S.A., with varying degrees of success, 
and there is evidently no royal road to the solution of this most 
baffling problem. The resources of sioienoe have come in for some 
blame at the hands of certain people who contend that science 
has been responsible for all this unwanted abundance and 
therefore the depression and the suffering. It is good to hear 
this testimony to the value of science in increasing production, 
and we shall welcome that part of their view, but it is the height 
.of pnwisdom, I thinks to attribiri* this world crisis even parti^y 
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to the resouroeb of science. It is surely not the fault of science 
that world economics have been so worked that the abundance 
science has created is prevented from reaching the millions 
of ill-fed and ill-clad sections of mankind ; whoever has dammed 
up this plenty on one side while the hungry clamour for it on 
the other, it certainly is not science. For it is plain downright 
bedrock truth that as long as millions of people on this earth 
able and willing to work have yet to go without a proper measure 
of the primary needs of existence, there cannot be over-production 
or sux)erfluity. To us in India, however, such a discussion 
can be of very little interest. The need in our agriculture 
is the help of science ; to bring down the cost of production, 
to reduce the vagaries of the season and dodge the droughts, 
to increase the yields, to reduce crop losses due to pests and 
diseases, to ensure quality in the marketable form of produce, 
to enhance the money return to the grower by furnishing 
industrial outlets for both his main produce and bye products, 
and to help to secure for his produce the best price possible, 
in all these the help of science is an urgent need and science 
must come to our rescue. 

I have briefly indicated the nature of the work that has 
been accomplished so far, and have drawn attention to some 
promising lines of work. We have, however, touched only the 
fringe of our sphere of usefulness, for this is practically unlimited. 
I have said enough to show that the Indian ryot has admirably 
responded to our efforts and that he is not the ignorant, over- 
conservative individual who is so wedded to his old practices 
that ho will not change. This should put heart into all of us 
and spur us on to still greater efforts and achievements. 
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STATISTICAL STUDIES IN AGRICULTURAL 
EXPERIMENTS. 

1. Sampling error in irrigated soils. 

M. A. Shama Iyengab and R. V. Tamhane, Sakrand, Sind. 

For purposes of analysis, representative samples of soil were being 
obtained as follows.— ‘ 

Samples were drawn from five spots—^four about the comers and one 
from the centre of eeich experimental plot and then the soils from the 
reactive layers were mixed together to give a single composite sample. 

But the statistician did not approve of the proc^ure and recommend¬ 
ed instead the analysing of the samples from the five or more spots 
separately to yield an average figure. This being both expensive and time- 
consuming, work waa undertaken to determine if such separate analysis 
was necessary under irrigation conditions. 

Intensive samplings from both irrigated and virgin salt lands were 
made at short and equal distances of four feet, and the samples analysed 
both sex>arately and in combinations for the salt percent. The data 
was subjected to critical statistical analysis. 

The results show (1) that such separate analysis is unnecessary fmd 
(2) that for an experimental plot l-40th acre a composite sample obtained 
by sampling and mixing soil from four random spots—one per quadrant— 
adequately represents the real state of aifairs in the soil. 


2. Some complex experiments on rice. 

S. K. Mitra and P. M. Ganguli, Assam. 

A series of experiments were taken up in 1934 at the Bice Experiment 
Station, Earimganj (Aiffimm), with two factors, such as (1) spacing and 
number of seedlings, (2) varieties and age of seedlings, and (3) varieties 
and time of traiu^lanting, to find out the results of combining two factors 
in the same field. They were laid out in randomised blocks and Fisher’s 
metliods of analysis of variance were used in calculating the results. 
Significant results were obtained in a few cases while the rest were 
nej^tive. 

The results obtained were not only more efficient in the point of 
supplying simultaneous replies to two sets of questions but were also 
capable of throwing light on the differential response of the two treat¬ 
ments which could not be done in any other way. A complex culttiral 
ezperinmnt with four factors, inelttdmg most of the above, has been taken 
up in 1935. 

•■t 

3. Methods oi cenfounding and analysis in agricultural 

expedm^ts, with examples. 

M. Vaidyanathan, New Delhi. 
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4. On tho estimate of missing yields in a split-plot type of 

arrangement. 

S. S. Bosi and P. C. Mahalanobb, Calcutta. 

With increasing complexity of modem agricultural experiments, 
it is now necessary, for facilitating agricultural operations, to arrange 
the field with suitable restrictions—^that is, to use the split-plot type 
of field design. For such designs it is necessary to calculate two or more 
residual errors adequate for testing the sign&cance of whole-plot and 
sub-plot treatments. If one or more plots are missing in such an arrange¬ 
ment, Yates’ formula for calculating missing plot (which was developed 
for perfectly randomised arrangements of Randomised Block and Latin 
Square tsrpe) is not suitable. In this paper a method has been worked 
out for estimating the missing yields in the case of a split-plot type of 
arrangement. 

6. On the estimate of mixed up yields in an agricultural 
field experiment. * 

S. S. Bose and P. C. Mahalanobis, Calcutta, 

F. Yates has shown that a valid estimate of error can be obtained 
in the case of randomised blocks and Latin squares if the missing yields 
are calculated by minimising the error variance and the degrees of fre^om 
corresponding to the residual variance are properly allowed for. This 
principle heis been found to be adequate for estimating the individual 
yield in the case of two or more plots whose yields have been mixed up. 
The formula is very simple and can be easily worked out. Thus with 
two mixed up plots and /-fold orthogonal classification, the yields of the 
individual plots are given by 

■ a{Ai-AzHh(Bi~Bi)+ ./(Fi-Fa) 

* 2(2f^a-b- .. .f) 

where Z is the total mixed up yield of the two plots, , A^, . . . etc., 
the sums of yields of rows, columns, treatments etc. consisting the mixed 

up plots and a, b, c, d ./ number of plots in each class. 

With more than two missing plots, the estimates may be obtained by the 
method of iteration. With estimated values, however, the method of 
testing significance is slightly different. 

6,* Importance of complex designs in agronomical experi¬ 
ments. 

5. Shamshib Singh, Bikaner State and P. M. Kulkabni, 

Indore, 

Agronomic investigations aim at rapid improvement of cropping 
practice. Pointers can be quickly obtained and followed with precision 
if field experunents are designed to compare simultaneously wide varia¬ 
tions in intensities of vital enviroiunental factors, both singly and to¬ 
gether. Factors considered essential are (1) atmospheric temperatures 
and humidities, (2) soil moisture-supply, (3) nutrition, and ( 4 ) available 
root-range. This was illustrated at the Bikaner State Farm, Sriganga- 
nagar, where neither irrigations nor spaoings oompared separately thowed 
diffisrences; only sowing dates did so. When studied together in the same 
ezperimmt, clearly defined results emerged. 

Sowing date: Yirid-superiority of June-aotm MolUsoni cotton 
disappeared with heavy irrigation and manuring with nieifos 22-18. 

Irrigation: ^y-sown lloUiscKii wide spaced with castor oake yielded 
better vmh moderate irrigation riiah heavy instead of being equal. C9oSely 
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fipaoed June-sown P. 289P with nicifos yielded better moderately irrigated, 
but when May-sown and cake-dressed yielded better heavily irrigate. 

Spacing: Widely-spaced, June-sown Mollisoni with cake yielded 
better with moderate irrigation than when closely spaced, but under 
heavy irrigation the difference vanished. May-sown P. 289P, closdy 
spaced, heavily irrigated and manured with nicifos, yielded higher than 
when loidely spaced. 


AGRICULTURAL CHEMISTRY AND MICROBIOLOGY. 

7. Potash fixation in soils. 

Dalip Singh and Indersain Sikka, Lyallpur. 

In view of the fact that all the potash added to the soil in an available 
form does not remain there as such, experiments were designed with a 
view to determine the availability of different artificial potassic manures, 
as well as molasses, on two types of Lyallpur soils. As the result of these 
experiments carried out in triplicate, it was observed that after some 
months all the potash added to the soil in the form of sulphate, chloride 
and nitrate does not remain in an available form, but some of it changes 
into a non-available form. The potash that is rendered non-available 
is greater in the case of sulphate than in the case of nitrate or chloride. 
On the other hand, where molasses alone was used, not only all the 
available potash present in the molasses, but also a certain quantity which 
previously existed in the soil in a non-available form, has also been rendered 
•available. Lastly in experiments where molasses and artificials were 
used simultaneously, the availability of potash is more than where arti¬ 
ficials alone have boon employed, but less than where molasses alone was 
used. 

On the basis of these experiments the use of molasses as a potassic 
manure on sugarcane fields is recommended. 

8. Comparative study of regional soils. 

L. N. Desai and S. C. Chakrabaety, Indore. 

Cambodia cotton grows well in Jaipur and Badnawar (Dhar State), 
but completely fails on unaltered black cotton soils. Similarities between 
Jaipur and Badnawar soil profiles and differences from Indore black 
soil profile were found in the distribution of coarser fraction, hygroscopic 
moisture and total nitrogen content. In the surface zones the percentage 
of available phosphates on total was least and that of available potash 
greatest in the Jaipur soil. This position was reversed in Indore soils. 
More than 76 per cent, of the available phosphates was in organic form, 
and this was highest in the surface horizon of the Jaipur profile and 
lowest in Indore. The ratios of organic to inorganic phosphates varied 
similarly. In Jaipur and Badnawar soils much more potash was available 
than in Indore soils in proportion to nitrogen and also to available 
phosphates, both organic and inorganic. The probable significances of 
these are discussed. 

9. The influence of treatment and the cotton crop on the 

soil profile. 

S. C. Chakbabarty and L. N. Desai, Indore. 

Profiles of black cotton soU, untreated and treated with heated soil, 
with or without farmyard manure, were examined after the harvest of 
Malvi and Cambodia cotton. Hygroscopic moisture was reduced in the 
upper layer by heated soil, manure and by the growth of Cambodia. 
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The digtribution of nitrogen was affected by the several factors and by 
the magnitude of the yield obtained. Differences were also observed 
in base-exchange capacity, carbon content, C-N ratio and the percentage 
increase in the conductivity of soil-water after thirty days compared 
wi^ that after one day’s immersion. 

10. The biologioal oxidation of elemental snlphur a possible 

means of reclaiming alkali soils. 

K. R. Naeayana Itbe, Travancore. 

There are large areas of alkali soils in South Travancore lying more 
or less in a barren condition at present. The non-productivity of these 
soils is chiefly due to the comparatively large quantities of sodium car¬ 
bonate and sodium bicarbonate. The soil of the area is heavy clay 
but oontaina a fair amount of lime in it. A crop of paddy is generally 
raised on these soils imder perennial irrigation. Owing to the deleterious 
effects of the alkali salts the crop fails in patches and the yield obtained 
is extremely low, oftentimes bei^ next to nothing. Experiments con¬ 
ducted both in the laboratory and on a small scale in the field on the 
possibility of reclaiming these soils by the application of elemental 
sulphur have given very encouraging results. The crop yields obtained 
firom the sulphur-treat^ plots show an increase of about 160 per cent, 
over the untreated ones. 

11. Decomposition of molasses in soil. 

T. J. Miechandani and P, K. Roy, Sabour. 

The study of the decomposition of the molasses in soil, under aerobic 
and unserobic conditions, has been made in the laboratory at Sabour. 
The sugars, which amounted to over 30% of the dry swtnple, disappeared 
almost completely in less than three we^s. The production of available 
nitrogen was found to be too small to be beneficial to crops. The addition 
of oxidising agents hastened the decomposition of the material. Evidence 
has been secured of the fixation of nitrogen in soil as a result of incorpo¬ 
ration of molasses in it. 

The molasses from carbonitation factories was found to be richer 
in nitrogen than that from the sulphitation factories, but there was little 
difference in the potash content. 

12. Sunlight and nitrification in soil. 

^ N. V. JosHi and S. C. Biswas, Pusa. 

Experiments vrere carried out to test the theory of Dr. Dbar and his 
colleagues about (1) the photochemical producticm of ammonia and (2) 
also the photo-oxidation of ammonia to nitrates in pyrex glass flasks as well 
as Quartz silica vessels and also by exposing the soil di^t, without any 
glass cover intervening between the toil a^ the sunlight or the ultra¬ 
violet rays. 

Indications of ammonification or nitrification by the photochonioal 
activity of the smdight were not observed m any of experiments. 

Exposure of the soils and solutions containing ammonium salts 
to ultra-violet rays gave no indication of oaddaiion of ammoniumNralta. 

Slight amounts of nitrites were obaitYed after the first few hotirs 
5 >f exposure to ultra-violet rays but even this quantity was finmd to have 
deoieased after further expe^ure. . m 

Reduction of nitrates mitially preset in the soil rfas observed when 
the soil eiiposed to sunlight or ultra-violet rays. Kitrates added 
td li^l <^milariy reduced^ ' 

. ; ]h these^^l^rouiuattufee^ it is ddalrtfed whethiar the nitrites observed 
, the s<^ 1^ 4^^ ipfoturiiwnicel jBfoqesses <ff ,fomation 
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nitrates in soil should be designated oxidation of ammonia. According 
to our experiments the nitrites are probably derived from the reduction 
of nitrates in the soil. 


AGRICULTURAL METEOROLOGY. 

13. On the micro-climates of different crops. 

L. A. Ramdas, R. J. Kalamkab, and K. M. Gadee, Poona. 

Recent work has shown that the micro-climates of different crops 
differ from each other as well as from that of the open. The magnitude 
of these variations, their diurnal variation, etc., are discussed in the case 
of a number of crops. 

14. Precision observations on rice at Karjat. 

R. J. Kalamkae, Poona. 

Precision observations on the development of rice were taken at Karjat 
■according to the ‘ Precision Scheme ’ drawn up in the Agricultural Meteo¬ 
rology Branch at Poona. The observations were recorded in 1934 and 
1935 with the co-operation of Mr. Kadam, the Crop Botanist. The 
data have been analysed and are discussed in the present paper. 

16. The moisture variation index of different types of soils 
in India. 

L. A. Ramdas and M. S. Katti, Poona. 

The hourly variations in the moisture content of different soils 
when exposed to the atmosphere during the clear seasons at Poona have 
been measured. These data show that each type of soil has a character¬ 
istic diurnal variation. All soils have their minimum moisture content 
at the epoch of ‘ maximum air temperature and their maximum moisture 
content at the epoch of ‘ minimum air temperature *. The diurnal 
variation in the case of the soil at Poona is observed to decrease very 
.rapidly with depth, being negligible at a depth of one or two inches. 

16. The variation of soil temperatures under different covers. 

R. K. Deavid, Poona. 

The effect of covering the local soil with thin layers of representative 
:8oils from different parts of India has been studied at the Central Agri- 
•ooltural Meteorological Observatory at Poona by reoordixig comparative 
observations of soil temperatures during the clear season. SimOar 
observations have also been taken in a plot having a lAort crop of vege- 
Aation. These data $xe discussed. 

17. On the physical properties of some representative soils 

in Lu^. 

# M. S. Katm, Poona. 

% 

Measurements of the times taken for completely drying different 
soils, their heats of wetting, and other physical pro^rties Ime speoifio 
;gravit]r, speoiflo heat, eto., lunre been made. These data are discussed in 
j!^ation to tooistore variation indices of the different soils. 
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18. The effect of rainfall on the yield of cotton at the Govern¬ 

ment farm at Akola. 

R. J. Kalamkab and V. Satab;opan, Poona. 

The effect on yield of rainfall in the season consisting of thirty-one 
periods, each of five days, fipom 22nd May to 23rd October is investigated. 
The rainfall response curve is obtained by using Fisher’s well-known 
method. The data extend over a period of 28 years commencing from 
1908. The curve showing the response to an additional inch of rain 
indicates an adverse effect of rain in the third week of May, a beneficial 
effect in June, and an adverse effect in July, August and the early part 
of October. 

19. The analysis of yields of crops at the Government ex- 

perimental farms in the Central Provinces and in the 
Bombay Presidency. 

R. J. Kalamkar, Poona. 

The yield data for some of the important crops at six centres in the 
Central Provinces and seven centres in the Bombay Presidency extend 
over periods varying from 10 to 26 years. Interesting information is 
obtained as regards the response of the same variety grown at different 
centres and different varieties grown at the same centre. These results 
are discussed. 

20. On secular trends in rainfall statistics. 

N. Rajagopalan, Poona. 

The secular variations in the rainfall data of the Kadur and Shimoga 
districts m the Mysore State, Belgsum district in the Bombay Presidency 
and Bangoon in Burma have been studied. The significance of these 
trends is discussed. 

21. On the correlation between the rainfalls during the South- 

West monsoon at raingauge stations in the Amraoti 
district in Berar. 

N. Rajagopalan, Poona. 

Comtemporary rainfall correlations have been worked out for the 
different raingauge stations in the Amraoti district in Berar with a view 
to eo^amine the homogeneity of this area in studying crop-weather rela¬ 
tionships. 

22. Micro-climatology of an irrigated cotton field in Sind. 

B. M. Dabbal and S. S. CJhinby, Sakrand (Sind). 


MANURES AND MANURING. 

23. Green manuring for sugarcane in the United Provinces. 
R. L. Sbibi, Shahjahanpur. 

With a view to exploring the possibilities of using Crotolaria juncea 
{Sami) as a green-manuring crop for manuring the extensively cultivated 
crop of sugarcane, enperimenta were conducted for about six years at the 
Byignoane Research J'arm, Shahjahanpur, end it was found that it fitted 
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in well with the prevailing practices of the cultivators and afforded a cheap 
and simple method of raising the fertility of the soil. If carried out 
under favotirable conditions it increased the yield of the sugarcane crop 
easily by about thirty per cent. The data is statistically interpreted. 
The method of growing Sanai, ploughing it in the soil, and limitations 
with regard to times of sowing, harvesting and watering are fully ex¬ 
plained. Costs with other nitrogenous manures are also compared. 
It was also found out that a good crop of Sanai supplied approximately 
about 200 maunds of green matter, between 60 to 66 matmds of dry 
organic matter to the soil, and accumulated about 60 lbs. of nitrogen per 
acre for the use of the succeeding crop of sugarcane.- The yield of the 
cane was closely connected with the accumulation of nitrate in the soil 
in the early of growth, i.e. from April to June, and that any deficiency 
in available nitrogen at that period could not be compensated for at. 
later stages. 

24. The response of rice plants to successively higher doses 
of nitrogen, 

K. C. Banerji, S. S. Bose, and P. C. Mahalanobis, Calcutta. 

Nino successively higher doses of nitrogen were applied to a series 
of pots growing rice plants belonging two varieties : Jhingasail and Bhasa- 
manik. There were three replications of each variety. The length of 
the plants and the tiller number were recorded throughout the life-period 
of the plants. The number of fertUe and sterile spikelets as well as the 
weight of grain and straw for each individual plant were noted. The 
Z-test showed the significant effect of the doses of manures for each of 
the characters noted above. The increase began to be appreciable from 
the third dose and did not reach the limiting value even up to the biggest 
dose of the experiment. 


26. Humus supply to irrigated arid soils. 

S. Shamshbr SmGH and P. M. Kxjlkaeni, Indore. 

This investigation was intended to find a suitable method of increasing 
yields of toria, wheat and cotton in the local rotation by utilizing the 
vacant period before the rabi crop for increasing soil humus. Uncropped 
fallow before toria gave higher 3 delds than when guara or sann was ploughed 
in. Addition of compost had no effect. Ploughing in the green manures 
was better than removing them. The succeeding cotton crop gave higher 
yields with green manures ploughed in than with fallow. 

Another experiment showed no depression of toria yield when green 
manure was ploughed in after two months’ g^wth and compost added, 
showing a way to secure larger cotton crops without lowering toria yields. 

With the wheat crop green manure was beneficial, but compost 
only after fallow. 

26. Soil texture, nutrition and staple-length of cotton. 

S. B.' Mogbb and Y. D. Wad, Indore. 

Mean staple-lengths of pooled pickings of Malvi and Cambodia cotton 
changed by treating black cotton soil with compost, acid, nitrogen, potash 
and phosphate, alone or together, in a quantitative pot test in 1934. 

^e same maximum was obtained (23*4 to 24*9 m.m.) in: 

1. Both varieties with nitrogen plus compost plus acid. 

2. llfrdvi: with or without nitrograi in untreated soil, and with 
nitrogov and potash or nitrogen and ph^hate in aoid-treated soil. 
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3. Cambodia: with compost plus pho^hate or potash, and in the 
absenof! of compost, by nitrogen plus potash or, with acid, by compost 
plus phosphate or compost plus nitrogen plus phosphate. 

Cambodia with compost and potash gave the highest yield and 
staple>length, but with Malvi the highest yield did not coincide with the 
longest Imt, though nitrogen plus compost was good in both respects. 

Compost increased and nitrogen decreased staple-length of Cambodia, 
in Malvi it was decreased by compost but unaffected by nitrogen. 

Potash and phosphate reduced lint length but this effect was modified 
by nitrogen, texture differences and varieties. 

Determinations of swollen-hair diameter on these samples are being 
made to find the best environment for well-developed, and therefore 
strong fibre, with high yields. 

27, Manuring of cotton for 3 neld in Malwa. 

C. K, Chhaya and P. M. Kulkarni, Indore. 

Indications derived from results of pot-cultures were put to test 
at Indore in a six-factor field trial with Malvi cotton on rich soil and at 
Dhar in two four-factor trials with Malvi and Cambodia on poor soils. 
40 per cent, higher yields were obtained at Indore at a cost of Bs. 3-2 
and Bs. 4-3 per acre with Nicifos 22-18 and safflower cake respectively 
for all spacings, methods of interoulture and manuring tested. 

At Dhar Nicifos 22-18 had no effect on the yield of Malvi. Safflower 
cake depressed yields of Malvi and increased those of Cambodia. 

28. Cotton yields as affected by soil condition and nutrients. 

S. B. Mogeb and G. T. Shahaee, Indore. 

In contrast with the previous inconclusive field tests of humic manures, 
the yields of both American Cambodia, Indore 1 strain and Desi (Malvi 
9) cottons were greatly increased by manuring in the soil profile. 

Following this clue pot tests were made in 1933 to find the nutrients 
givixm the greatest increase of yield for each variety. 

This was followed in 1934 by tests to find the soil conditions under 
which such nutrients were most efficiently utilized. Both the varieties 
yielded best with nitrogen applied in two doses and nitrogen plus phos¬ 
phate in one dose. 

Improvement of soil condition by compost led to better use of 
nitrogen by both varieties but when phosphate was added this held good 
only for C^unbodia. Malvi used these nutrients best without the change 
in 8<41 condition due to compost. 


29. Initial start to cotton seedlings and the nature of soil 
and nutrition. 

L Madhiistoanrao and C. L. Naoae, Indore. 

Previous experiments have proved that increase or decrease in cotton 
yields is dbJefly determined by the favourable or unfavourable soil con¬ 
ditions in the early stages. Pot-culture studies are described on the 
influence on dry wei^t production of leaves, 'stem and total of deai and 
American cotton dui^ ^ first 42 days of profile hcuizons from rich, 
medium mid poor fields of black cotton soil, with and without compost 
and artificials, su^y and together on deH and American varfoties. For 
both the varieties, the difference between ^e maximum and minimiim 
values of dry wdghta trare far greater with mShured soils than those 
untrMitad. The combined effect of compost and artiflcials gave the bis^est 
wei^ for le»ves and stems'on soils of upper and lower horisonnk all 
. Damibcklia cotton, relanve infloeime of oonq>ost and 
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artificials changed with the fertility of fields, the horizons and the varieties. 
Artificials when alone gave the maximum production only in the top layer 
of medium soil. 

CROPS AND CROPPING METHODS. 

30. Groundnut—its cultivation in Malwa. 

G. 0. Tambb and S. C. Talesaba, Indore. 

Groimdnut had been suggested for Malwa by Moreland in 1914 
and by Howard in 1920 as a cash crop likely to increase soil nitrogen 
at Indore. Since 1932 this crop has been studied as regards (1) agri- 
criltural possibilities, and (2) production costs. 

Out of the three promisii^ varieties, Qangapuri was the best yielder, 
both for nuts and fodder; Akola 10 came next. Soil fertility alone 
controlled yields of varieties. Farm compost dressings, variation in 
seed-rate and spacing or the depth of interculture did not show any 
infiuence diu-ing very wet seasons. Environment influenced the oil 
content and the shelling percentage of Gangapuri the most and of Spanish 
peanut the least. A possibility of reducing the cost of shelling seed for 
sowing was discovered from the results of three germination tests. Ac¬ 
cording to conditions shell-cracked and soaked nuts germinated as well 
as, or better than, shelled kernels. 

The suitability of varieties is discussed on the basis of their agri¬ 
cultural behaviour, yield of oil and palatibility and differences in produc¬ 
tion costs. 

31. Cultivation of high quality paddy in unpuddled black 

cotton soils. 

C. L, Nagar, T. Krishnamoobthi, and P. M. Kulkaeni, 

Indore. 

High quality varieties of paddy from different parts of India have 
been grown successfully as a rains-crop for four years on black cotton 
soil without puddling or irrigation, soil management and growing season 
being adjust^ to t& requirements of the crop. A quantitative experi¬ 
ment was made in 1934 upon two varieties, with two planting seasons, 
humic and chemical manures. 

Grain: Transplanting soon after the onset of rains was superior to the 
later planting at the usual time. The scented Mushkan yielded better (739 
lbs. per acre) than the fine Pahan (686 lbs. per acre) when planted early, 
but the order was reversed by late planting. The crop responded best 
to Municipal compost and to Nicifos grades, yields of early plantings 
increasing thrice and twice respectively. A fifty per cent, increase 
followed a double dressing of Municipal compost (40 cartloads per acre) 
and a treble dose of Nicifos (3 cwts. per acre), Mushkan responding better 
than Pahan, and early planting more than late. 

Bhusa: Yields were similarly affected by treatments as those of 
grain except in a few oases with Nicifos grades. After harvest in early 
October a good wheat crop was grown, A valuable cash crop is thus 
made available for black soil tracts with a rainfall of at least 30 inches. 
Further adjustments are in progress. 

32. Bajra {Penniaetum typhmdeum) and tur {Gajamts indicus) 

in Jaipur State. 

K. R. Josra and P. M. Ktjlkabni, Indore. 

Bagrat the Kharif cereal crop of Jaipur, has been studied since 1932. 
The possibilities of (1) securing supplies of silage cheaply and conveniently, 

28 
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and (2) the introduction of early Malvi Tut (which escapes frost) as a 
Bub'Orop by spacii^ adjustments were tested. 

The row-spacing of 8 ins. for bc^ra gave maximum yield of fodder, 
but was less profitable than htyra and tur with a spacing of 15 ins. or 21 ins. 
grown alone or in association. A mixed crop of four rows of bajra and 
two of tw was found suitable both for income and supply of grain and 
fodder. The spacing could be increased from 12 ins. to 20 ins. without 
affecting the acre-yields and with a chance of increasing them in favour¬ 
able yeara. 

Good silage can be made from bajra stalks after harvesting the 
ears immediately they are ripe enough. 

33. Sugar beet: A possible cash crop for Central India 

and Bajputana. 

I. Madhtjsudan Rao and 8. Ghosh, Indore. 

Sugar beet was found to grow well as an autumn crop on the black 
cotton soils in Central India and on the soils of Bajputana, and resists 
frosts. Under local conditions the cost of cultivation and watering is 
far less per ton of sugar produced in the crop than in sugar-cane. Very 
high sugar contents are obtained and yields are normal on black soils 
and abnormally high in Bajputana. It can be easily sliced and dried 
in the sun, Mid then stores well. It has responded very well to manures. 
It can ripen within five months after sowing and yields have increased 
by keeping it in the soil till April or May. 

Soil conditions being favourable it can be grown as a kliarif crop 
when it ripens in October with maximum sugar percentage. This then 
falls, rises again in February to its maximum and remains steady till May. 

34. The possibilities of soyabeans in Central India. 

R. K. Aueangabadkae and B. Goswami, Indore. 

Hopeful results from previous trials led to a comparison of thirty 
varieties from the United States, of the sdelds of seed, plant weights, 
sizes and habit, period of maturity, oil- and nitrogen-contents of seed 
with their soaking and cooking qualities and edibility. The khartf 
season suited the crop best and it grew well when intersown with cotton 
and groundnut. A possibility of its introduction without disturbing 
the local rotation of crops is thus indicated. 

The technique used for soaking and cooking tests was also applied 
to tuf (cajanus indicus) and gram. The conclusions from these tests were 
found to agree well with the bazaar assessment of quality. 

35. Cambodia cotton in Jaipur. 

K. R. JosBi and G. K. Sant, Indore. 

Cambodia (Indore I strain) was found to »ow satisfactorily in the 
well-irrigated areas in Jaipur States Since 1932 agricultural conditions 
best suited to the crop have been and are being investigated. Starting 
the crop before the rains usually ^ave better'yields than sowing on the 
rains. Spacings did not affect the yields. With equal spacing, Castor cake 
(at 21 lbs. of Nitrog^ per acre) was coru^tently supenor to Nicifos 17/45 
at the same rate, which did not differ from control, hidicating the apparent 
necessity of appUcaticm in several doses if inorganic manures are used. 
With e^ earlier sow^ date, the yields for each treatment mcreased, 
tibe rate of increase being more marked with oake-manuring. 

In genial, cake-manuring gave fairly uniform and normal values 
fo^ giving peroimti^ With ah the tmatments. 

The figures few eonfrol and Nieifbs-manured plots fluctimted around 
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36. Tobacco curing for bright leaf: simple adjustments. 

S. B. Mogrb and G. T. Shahane, Indore. 

The agricultural possibility of growing bright cigarette tobacco 
in Central India and Eajputana having been proved, the demand arose 
from cultivators for a simple and cheap method of curing. 

In a normally developed and mature leaf, existing data showed that 
the only essentials were even ripening {‘ yellowing ’) and drying the 
contents intact. 

Maintenance of suitable moisture and warmth inside the leaf, by 
controlling the effect of weather fluctuations, seemed to be enough to 
develop and fix the leaf colour in a rainless curing season, without rigid 
observation of humidity and temperature scales as in flue curing. 

Dry grass was found to protect the leaf adequately from deterioration 
during yellowing and drying. The large-scale practicability of the modi¬ 
fication that proved to be statistically superior was finally established. 

When the leaves were suitably grouped and separately spread between 
layers of grass during yellowing and fixing stages respectively, the mean 
percentage of properly yellow<^ leaves was 80 and that of such leaves 
when fixed was 52. 

About a thousand bmidles (12 maunds) of dry grass were required 
per acre of tobacfso, and could again be used for feeding cattle. 

Tobacco experts reported favourably on the cured samples thus 
prepared. The same principles have been applied to raise the quality 
and uniformity in grade of Zarda and Hukka types. 

By adjustments in fermentation to destroy undesirable components, 
young shoots and .unripened leaves obtained from primings and sucker- 
iugs have been converted into high quality trash similar to tliat from 
broken mature leaf. 


37. EflScient tobacco seed production. 

S. B. Mogee and V. N. Bhaegavb, Indore, 

Agriculturally the large-scale cultivation of all types of tobacco, 
and especially bright leaf, has shown good prospects in Central India 
smd Rajputana during the last three years. 

The yield and qu^ty of the crop is known to be influenced by the 
quality of the seed, hence the normal agricultural factors likely to affect 
this were studied. 

A simple technique is described for separating trash and light seed by 
winnowing and sifting to collect a uniform, heavy seed. 

A high percenteige production of heavy seed can be obtained from 
(1) seed plants and from ratoons after frost damage, (2) from plants with 
a low or high seed yield, and (3) during winter or summer months. 

Obvioii^y this depends upon the result of interaction of several 
factors and not upon the intensity of one factor. 

In un-irrigated fields bright types of tobacco give higher proportion 
of heavy seed than the heavy dark types; under irrigation the proportion 
is leas. 

Under favourable conditions the yield of heavy seed may be increased 
by suitable manuring, and it is not adversely affected if all the leaves 
are idlowed to mature on the plant. 

38. Varieties of pepper cultivated in Travancore. 

N. K. B. Kuritpp, Travancore. 

In this paper are given in full detail descriptions of eighteen different 
distinct varieties of pepper cultivated in Travancore. These varieties 
consist of:— 
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(1) K\unbhakodi, (2) Balamkotta, (3) Chumala, (4) Fenmkodi, 
(5) Ksrunthakara, (6) Karuvally, (7) Karuvilanchy, (8) Arikottanadan, 
(9) Kalluvally, (10) Kaniyakadan (large), (11) Kaniyakadan (small), 
(12) Kottanadan, (13) Munda, (14) Thulakodi, (16) Mundi, (16) Kuthi- 
ravali, (17) Wild pepper (large), and (18) Wild pepper (small). 

These are well illustrated by photographs. Graphic representations 
showing the periodic variations in the prices of pepper in the State are 
given in the paper. A statement showing the rainMl obtained in differ¬ 
ent places in Travanoore is also included with a view to study the effect 
of rainfall on pepper cultivation. 

39. Preparatory cultivation for wheat in Malwa. 

G. C. Tambe, S. 0. Talesaba, and L. Swaeoop, Indore. 

The Malwi cultivator usually leaves his land without weeding and 
cultivation to the end of the rains, then bakhars it twice or thrice and sows 
wheat at the end of October. The soundness of this practice and pos¬ 
sible scope for improvement have been investigated. Clean monsoon 
fallow followed by different depths of cultivation at the end of rains, 
with and without interculture of the subsequent wheat crop, did not 
produce yield differences. Allowing weeds to grow in the fields in the 
rains, with their subsequent removal or otherwise, had no influence on 
yields. Ploughing in early October after a catch-crop of un-puddled 
rice followed by a few bakharings gave nearly twice the yield of wheat, 
when ploughing was done seventeen days later, irrespective of the date of 
the rice harvest. 

40. Cold weather cultivation of vacant fields and intorcultiure 

of standing crops in Malwa. 

G. C. Tambe and S. C. Talesara, Indore. 

Deep cultivation, soil inversion and interoulture to produce a deep 
mulch have often been beneficial to crop growth in many comitries. 
The possible advantages of the introduction of such methods have been 
investigated at Indore since 1932. A continuoxis experiment on cold- 
weather cultivation running three years revealed no favourable influence 
on the succeeding jowar, groundnut, cowpea, wheat and cotton. A 
three-years’ continuous trial for kharif crops and seven single-season 
tests—6 for the kharif and 1 for the rabi—^have been carried out since 
,19^, to test the usefulness of interoulture, deep or shallow. Deep inter¬ 
culture was sometimes harmful, the effect of shallow interculture as 
locally practised, when favourable, were found to be due to weod removal 
rather than to the mulch produced. 

41. A complex cultural experiment with rice at Ohinsurah, 

Bengal, for the year 1934-35. 

S. 0. Chakbavertti, S. S. Bose, and P. C. Mahalanobis, 

Calcutta. 

The data of the second year of an investigation on the cultural 
experiment on rice have been analysed in this paper and the results have 
been compared with those of the previous year. The three varieties 
under test maintained their relative position with regard to yield, but 
the mut\ial differences were not proportional in the two seasons. Au^st 
let was found, as in the last year,' to be the optimum date of trani^lanting. 
Variation in spacing and seedling numbers were practically without 
any effect, and a very satisfactory distribution of rainfall gave a very 
heavy yiMd which often masked the responses due to many of the cultur^ 
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42. The influence of the date of planting and the number of 
seedlings per hole on tillering in rice at Bankura. 

K. C. Banebji, S. S. Bose, and P. C. Mahalanobis, Calcutta. 

A complex cultural experiment was laid out in the Government 
Agricultural Farm, Bankura, to determine the eflfect of the date of trans¬ 
planting and the number of seedlings per hole on the yield of rice. There 
were five dates beginning from August 15 to October 14 at intervals of 
three weeks and 6 seedling numbers: 1, 2, 3, 4 and 5 respectively. The 
number of tillers in each plot of 100 plants was counted, and the analysis 
showed that if the ago of seedling at transplanting is kept constant, the 
Inter transplanting produced more tillers than tho earlier ones, and that 
tillering increased steadily as the number of seedlings increased from 
1 to 5. There was no evidence of an interaction between date of plantiixg 
and seedling number so far as tillering in rice was concerned. 


43. A situation experiment witli rice. 

K. C. Banerji, S. S. Bo.se, and P. C, Mahalanobis, Calcutta. 

The rice fields in Western Bengal mostly occur in terraces, and 
cultivators generally recognise, according to the elevation of tho field, 
four types of land narnoly Dclngfi, Bdrl, Kdmlli and Shole which are suitable 
for Aus, early Atnan, inter Aman and late Am'tn respectively. Eight 
varieties, suitable for different situations, wore grown together in three 
of the above types of land in four replications with a view to studying 
the relative offioiency of each variety in the different situations. Ob¬ 
servations on the height of plant, tiller number, fertile and sterile spike- 
lets, weight of grain and straw, length and breadth of grain wore taken 
and analysed by Fisher’s method of analysis of variance. The results 
show that the ri(je varieties have a wide range of adaptability, and that 
the situations do not exhibit appreciably different interactions for the 
various t 3 ^s of rice selected for the experiinonl.. 


PLANT PATHOLOGY. 

44. Root-study of susceptible and resistant cotton to root-rot 
in Gujerat. 

A. F. Patel, Baroda. 

No. 8, which is a selection from Broach 9, was fomid more resistant 
to Root-rot, whereas Broach 9 is known to be extremely susceptible. 
The study of the roots of these showed significant differences in length 
and thickness of tap roots and in length of thick laterals of lower regions. 


45. Physiological studies on the Gujerat cotton root-rot 
organisms. 

G. H. Dbsai and V. K Likhite, Baroda. 

The organisms connected with the Cotton Root-iut in Gujerat have 
been fixed as Macrophomina phaseoU and the Gephahbm sp. of nemas. 
Studies in their phjrsiological characters show that both these are alkali- 
loving and thrive well in alkali media. This leads to the use of acid 
manures for the check of the disease. 
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ENTOMOLOGY. 

46. Some problems connected with the stem-borer pest 
{Schoenobiue incertellus, W.) of rice in South India.* 

T. V. RAMAKBiaHNA Ayyae and K. P. Ananthanabayanaij, 

Coimbatore. 

Of the numerous inseot pests in South India, which have attracted 
the attention of economic entomologists during the past two decades, 
the peuidy stem-borer can claim not only to be one of the most important 
but also the earliest insect to come to some prominence. Being a well- 
known insect and enjoying a very wide distribution all along the tropics 
of S.E. Asia, the problems connected with this insect have been engaging 
the attention of workers for many years. In this paper an attempt is 
made to review briefly the work done so far and to add a summary of the 
results of the recent investigations made on the bionomics of thb insect 
by the writers in S. India. In the absence of any connected account of this 
inseot till now, it is believed this paper might also serve to some extent 
the purpose of helping future workers in S. India, to get an idea of what 
has been done till now, and what still remains to be done in tbis direction. 
The main headings under which the subject is treated include the previous 
records and studies on the pest in the province and the summary of more 
recent observations on the same. These include the general and local 
distribution of the insect; the systematic position, life-historj', habits 
and natural enemies of the insect; the nature and extent of damage 
done to rice; the various factors so far known influencing the degree of 
infestation; and some remarks on the problem of control. One importemt 
object of the paper is to invito remarks and criticisnss from workers 
on the same subject from other provinces where also the pest might bo 
found distributed. 


47. Bionomics of the swarming caterpillar of paddy in South 
India. 

K. P. Ananthanarayanan and T. V. Ramakriskna Iyer, 

Coimbatore. 

It is well known that among the insects injurious to paddy iu S. 
India, the swarming caterpillar (Spodotera maurUia, Boisd) is practi¬ 
cally the most destructive, causing very serious damage to the young 
ftbop almost every year in one or other of the various rice areas of the 
province. As a result of investigations during the past many years, a consi¬ 
derable amount of data has bem collected on the bionomics of this noto¬ 
rious insect, and during the past two or three years some special attention 
has been devoted in this direction. It is the purpose of this paper to 
present a brief r^sum^ of the work done previously and add a summary 
of the r^ent studies* made on this insect by the writers, particuleirly in 
connection with the general features and habits of the caterpillar of 
this insect, which is r^y the d«rtructive stdge of it. The main aspects 
of the studies made in this connection include the following,:-—Previous 
work on the pest; geographical disti^ution; systematic position and 
general features of the adult moth; ufe oyole and habits of the oater- 
pUlu, hi different stages in captivity aitd in the fields; mfluenoe of natural 
factors on oaterpular; the status of the pest, and inoidenoe et^oiahy 
in relation to Kole paddy; and p<^ible lin^ of future work On the same. 
The writes feel that it wiB he interesthg and helpful to than if any 
criticisms or lemerks are ofSired in this paper by woricers in this line in 
dtho*'prosing*' '-r' 
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48. The white-ant pest on cotton in Sind, and its control. 

B. M. Dabjoal and R. M. Ranji, Sakrand (Sind). 

« 

49. An outbreak of Conth^yla rotunda —A limacodid pest on 

coconuts in Cochin. 

C. 8. Vbnkitasubban, Cochin. 

The paper details the main features of a severe outbreak of Contheyla 
rotunda, a caterpillar of the Limacodid famUy of moths, which occurred 
during the hot months of the year 1933, in one of the suburbs of Cochin. 
More than 5,000 coconut trees situated along the ‘ Backwaters ’ near the 
sea were badly affected. The characteristic damage is the scorching 
and drying up of almost all the fronds of the affected trees. The life- 
history of the pest, the cause of this outbreak, the combative measures 
adopted, and the conditions that led to the subsequent revival of the 
affected trees, arc narrated in brief. The pest is a common insect in 
all gardens of the State, and is found in small numbers throughout the 
year. It is subject to various hymenopterous parasites, as well as a 
disease during the rains. These destructive agents ordinarily keep the 
pest under check, and only when their influence is relaxed, can the insects 
multiply as pests. In recent times, the peat has broken forth in a severe 
form only on two occasions—one in 1917 and the other in 1933, and 
these infestations took place in two widely different localities. The history 
of this outbreak emphasises the fact that in any study of a pest, the enemies 
it is subject to and the conditions in which they thrive, must claim the 
foremost attention of an Entomologist. 

50, A noctuid caterpillar boring into tender coconut.s at 

Cochin. 

0. 8. Venkitastjbban, Cochin. 

This is a short account of a noctuid caterpillar found boring into 
tender coconuts in the Government Farm at Cochin. The insect seem 
to be a new one, and has not been found recorded as a pest of coconuts. 
A general description of the moth, larva and pupae has been given. The 
damage consists in the falling down of the nuts, diie to the caterpillars 
boring into and feeding upon the soft matter inside. The fully gi'own 
caterpillar is stout and more than two inches long, and it attacks half- 
grown coconuts after the fashion of rats. The insect has hitherto been 
noted in small numbers only; but evidently it possesses latent possibi¬ 
lities of becoming a severe pest. A photograph showing all the stages 
except the egg is appended. 

51, The soorai disease of paddy in South India and its causative 

agent (Riperaia oryzee, Gr.). 

T. V. Ramakbishna Ayyab, Coimbatore, 

In some of the paddy areas of the Madras Presidency, especially 
in the wetland tracts of the Tanjore delta, growing rice plants are 
commonly found subject to the attacks of a disease locally known by 
such names as ‘ Soorai ’, ‘ Senmorai \ ‘ Dumpategtda etc, The existence 
of this malady in any area is gmerally detected by the presence in the 
fields of isolated iptohes of stunted and sickly plants gradually turning 
ydlowish and b^bning to wither. On a closer examination most of 
the diseased plants reveal the presence of numerous smooth reddish 
insects attach^ to the stem under th» covering leaffheaths; it is therefore 
presumed that the disease is due mainly to the activities of this sapsucking 



440 Sedion VIJ, Agriculture. (16) 

bug. This insect is a mealybug and has been identified as a specific 
pest of rice under the name Biptraia oryzce Gr. 

In this paper it is proposed to give a general account of the nature 
and extent of this disease in South In^ia, of the more important features 
in the life-history and habits of the causative agent, the mealybug, and 
point out the economic importance of this disease to the rice cultivator 
in South India. 

62. Parasites found in association with the cotton stem 

weevil pest {Pempheres affinis, F.) in South India. 

T. V. Ramakkishna Ayyar and V. Margabandhtj, Coimbatore. 

It is now over sixteen years since the cotton stem weevil {Pempherea 
affinis, F.) began to attract some attention as a fairly important pest of 
the cotton plant in South India, and a paper on the general features 
and life-history of the insect was published by the senior author. Since 
then the pest, which was in the early years confined chiefly to the 
Cambodia variety of cotton, has been attacking other cottons and dis¬ 
tributing itself fairly widely in the cotton areas of South India. As a 
consequence special attention has had to be paid to this insect along 
with the other important insects—the bollworms, and even legislation 
had to be introduced for these important pests. Side by side intensive 
studies with different aspects of the problem connected with the insect 
have been going on by a special staff appointed for this work by the 
Indian Central Cotton Committee, Bombay. The peculiar habits of this 
insect have made it rather difficult to tackle it by moans of the ordinary 
mechanical or insecticidal methods of control, and it is found that the 
only possible ways of keeping the pest \inder check must mainly consist 
of prophylactic cultural means or breeding of resistant strains of cotton, 
or by trials in biological methods by the use of parasites and predators. 

Speaking of biological control, it is needless to add that it is necessary 
to find out whether such enemies exist and what their bionomics are 
before any control measures in this direction are attempted. With a view 
to find out if the pest is subject to the attacks of such natural enemies, the 
authors have been carrying on some work. Past experience had so far 
shown that this insect, unlike some of our common pests, is not commonly 
subject to parasites or predators and till now attempts in this direction 
have only revealed the existence of three parasitic wcisps in comparatively 
very small numbers associated with the developing stages of the weevil pest. 
These being the first definite records of the insect enemies of the cotton 
stem weevil, it is the authors’ idea to present this fact in this short paper 
with the available notes gathered so far referring to these paretsites. These 
lafjtor include one fairly large reddish brown braconid and two small 
chalcid wasps; the braconid appears to be a species of the genus Spabhiua; 
and of the chaleids one appears to be a species of Olina {Eulophid) new 
to science, and the other a now species— Pachyneuron {Pt&romalid). 
Farther studies are being made, especially to find out the real status and 
inter-relations potentialities of these parasitic wasps. 

63. Kole cultivaticai of rice in the Malabar Coast, with 

special reference to insect pests. 

T. V. Ramakbishna Ayyar and E* P. ANAKTHANABAYAifAir» 

Coimbatore. 

The peculiar method of raising a crop of rice, known locally as KoU 
oultMution, appears to be a practice existing only along the Malabar 
coast, especially in the southern parts of the Briti^ District of Malabar 
and the Native State of Cochin, and as far as the writers are aware the 
practice has been in vogue in these tracts for several decades in the past. 
The choice of the land selected for this purpose and the special methods 
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employed in that connection reveal a considerable amount of ingenuity 
and skill on tho part of the inhabitants of these localities in utilizing 
all available means of adding to their income. The areas utilized to grow 
paddy in this way are largo freshwater lakes situated between the sub- 
monl^e areas of the Western Ghats on the east and the narrow belt 
of coastal land with tho system of backwaters along the west. The pre¬ 
liminary operations consist in completely draining away the accumulated 
waters of these lakes into the backwaters and canals along tho west, 
early in tho year (Jan.-Feb.), by varioiM devices such as pumps, Persian 
wheels, etc., and sowing tho seed broadcast on the swampy fertile lake- 
beds. Tho crop, which is irrigated when necessary with the pumped 
waters retained in the network of canals maintained in the midst of these 
areas, grows to maturity in from 3 to 4 months, and is generally harvested 
before the S.-W. monsoons begin, after which tho areas are flooded with 
the rain water and they become lakes as before. This summer crop 
under normal conditions yields a very remimerativc out-turn within a 
short period, leaving a very good margin of profit to the cultivator 
much higher than what the rice grower gets from his ordinary paddy fields 
elsewhere. But in certam years, due to m^expocted causes, especially 
heavy summer rains and floods in April or May before harvest, the crop 
becomes a complete failure in the whole area and the cultivator gets 
next to nothing. Tho Kolo cultivator knows full well that this practice 
is attended with heavy risks and the word Kole in local parlance is often used 
to comiote a chance trial or lottery in which tho individual either gains 
considerably or loses heavily. Tho writers having had some opportunities 
of studying the different aspects of tho Kole cultivation in connection 
with their investigations of some paddy insects in South Malabar, it is 
their idea to present a short general account of the outstanding features 
of this method of rice cultivations, with some remarks on the insects 
associated with the crop, 

PLANT PHYSIOLOGY. 

r>4. Root studies in boro or spring paddy. 

S. Majid, Hal)iganj. 

A modified improved method for studying the nature and disposition 
of fibrous rooted crops like paddy under artificial conditions is described. 
This consists in fixing the wire meshes at different levels to frames attached 
at comers to vertical supports. The frames with their supports are 
inserted into the receptacles in which the study is to be made. At washing, 
when the receptacles are removed and when tho soil is washed out, the 
nature and disposition of roots at different levels are revealed and can 
be studied from all angles both qualitatively and quantitatively. 

The study deals with the root development of Boro paddies of different 
ages, and its response to different classes of soik varying from light sandy 
to heavy clayey soils of the following proportions : (1) sand, (2) 3 sand ; 
1 clay, (3) 1 sand : 1 clay, (4) 1 sand : 3 clay, and {5) clay. 

The gradual transition of root formation, both with reference to 
zonal distribution and to secondary flushing, together with its relation 
to soil texture is discussed, besides brhiging out the extreme expression 
of concentrated and compacted root development where the proportion 
of clay and sand are 3:1. « 

55. Root-studies—^their scope in agronomy. I. Kharif crops. 

N, S. Aptb, Indore. 

Healthy and diseased cotton plants showed differences in root activity. 
Whether vigour differenoes of healthy plants were similarly reflect^ 
in roots was studied in a randomised replicated field test in 1933. 
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Pre-rain-Bown'Malvi and Cambodia cotton plant-weighto (60 daya old) 
were higher than when rain-aown. Fre-rain sowing increased monopodia! 
weights at maturity for both varieties, total plant*weights being eqiial. 

The upper nine inches always contained most of the total root length 
which was greater in rain-sidim andHwo<month8*old crops. For both 
sowings activity decreased and death-rate increased with age. Two 
months after sowing there was a comparatively greater death-rate than 
the rate of production of fresh roots, for both sowings of varieties. 
Thus the differences in yield and monopodial growth between the two 
sowings of these varieties failed to show a relation to the root-length- 
total, active or dead, or to the degree of compensation for death-rate 
by fresh production except that the total root lengths of rains-sown crop 
at the first and second stages were superior to corresponding lengths of 
the pre-rains-sown crop. The significance of these observations has 
been discussed. 


68. Root studies—^their scope in agronomy. II. Rabi Crops. 
K. M. SiMLOTB and R. K. Aurangabadkar, Indore. 

In two field trials on local wheat in 1932-3 the yield influences of 
(1) cultivations, and (2) spacings wore tested. 

Tilth differed with cultivations but not yields or initial moisture 
in the second four-inches. 

Different spacings gave equivalent grain per acre, but different 
straw-yields. Grain and straw yields per plant increased with spacing. 
Increased grain accompanied increased straw, but not always vice versa. 
Straw and grain always increased with tiller number. 

Root development was examined in both experiments thus ;— 

(1) 0—6'; (2) 6*—16'; (3) 15' and below. 

In experiment 1 during the growing stage the total root length was 
least in the top zone and uniform below. The activity was greatest 
in the lowest zone and equal above. At grain formation total root length 
had increased both absolutely and with depth, though the activity had 
decreased being least in the middle and greatest below. 

Interculture reduced upper activity, other cultivation had no effect. 

In experiment 2 root length and activity, unaffected by spacing, 
increased with depth at maturity. 

The significance is discussed of the occurrence of similar root develop¬ 
ment irrespective of plant performance. 

A 

67. Efficiency of light in plant development. 

* 

I. Madhxjsudai^ Rao and S. Ghosh, Indore. 

The same cotton varieties yielded similarly in Adds with different 
-periods and intensitieB of dayli^t. . The influence of atmospheric tem¬ 
peratures and humidities and the fnedium of growth on the efficiency 
of light in plcmt development was therefore investigated in 1934 in pot- 
cultrn^. 

Desi and American cotton varieties were grown in sand and in black 
cotton soil with added nutrients supplyuu equal quantities of nitro^^en, 
and exposed eltemately to normal dayiym and de^kness or io daylight 
followed by electric light throug^ut thd night during the growing stage. 
Temperature and hu^dity diffdences were secured by two sowing dates. 

Isgbt ihoreased bud-j^duction only when the medium of growth 
did not equally increase W greatly depress it. When more buds were 
produced more were shed but the pero^tape andftate of shedding ■varied 
When esgpbsed to artfflckil light, shedding sterted earlier 
•or later to cenditiQiis. 
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The stimulating effect of light did not extend beyond bud-production 
ajid the yields were lowered. 

For each environmental condition, there appeared to be on optimum 
shoot-length necessary for the developn^tnt to maturity of the buds 
produced. 

The three varieties used showed characteristic differences in all the 
types of activity mentioned above. 

58. Seed quality and crop vigour. 

R. K. Aurangabadkae and B. Goswami, Indore. 

Association was observed between the differences in yields and oil 
contents of groundnuts grown in different localities. Each crop could 
be sorted into groups of nuts differing in appearance, and the kernels 
from each group into different grades. The proportions of these groups 
and grades varied according to the crop-yield. Each grade of kernels 
differed in oil content. Field tests showed the persistence of such differ¬ 
ences in the succeeding crop grown from each grade of kernel. Varietal 
habit and field fertility greatly modified the behaviour of grades. The 
probable nature and cau.se of those differences and their practical signi¬ 
ficance are discussed. 

59. Optimum number of buds for .sugarcane setts. 

G. C. Tambe and S. C. Talesara, Indore. 

The geiTnination obtained by planting sugarcane setts with three 
eye-buds each, as is usual in Malwa, seemed to fall far below expectation. 
In March 1935 the influence on germination of the number of eye-buds 
wtts therefore studied. The results of a test replicated twelve times 
comparing the germination of setts with one. two and three eye-buds 
gave 14‘4, 28*8 and 27-8 per cent, germination respectively. The odds 
in favour of the difference were 19: 1, the significant difference being 8. 
It is clear that planting setts with two or three eye-buds makes no difference 
in germination, but it is reduced by half with single-bud setts. In another 
replicated test with ten-feet rows, single-bud setts previously soaked in 
lime water germinated as well as three-bud setts so treated and much 
better than any setts untreated. 

60. Treatment to improve germination of sugarcane setts. 

G. C, Tambe and S. C. Talesara, Indore. 

Three-bud setts of sugarcane Co. 290 soaked in lime-water over¬ 
night, were planted in alternate rows along with freshly cut onsoaked 
setts at the end of February 1936. The mean number of shoots counted 
47 days after planting per 100 setts treated and untreated was 125 and 61 
respectively, with a significant difference of 15. 

The lime-treatment gave numerically higher values for degrees—Brix 
taken in October and November, but the differences were not significant. 

The niunber and yield of stripped canes when harvested at the end 
of November were higher by 43% and 46% respectively for the crop 
from the lime-treated setts than those of the control. The correlation 
oortBBcient for number and weight of canes is positive, and highly si^i- 
ficant for the untreated crop but not at all for the treated; thus the yield 
of untreated oro^ dep«aded mainly on the number while for the treated, 
it was detenmin^ both by numhw and better development of each cane. 

Soaking of wtts in lime<water appears to be a desirable improvement 
in local practice in Malwa, where germination and yields are usually 
low, and perhaps in other parts of India too. 
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61. A note on the extent of gro'wth (elongation) in the apical 
region of the shoot of the cotton plant. 

B. M. Dabeal and R. M. Ranji, Sakrand (Sind). 


62. Studies on the growth of the cotton plant in Sind, Part I. 
B. M. Dabeal, T. J. Malkani, and S. S. Chiney, Sakrand (Sind). 


63. Studies on the growth of the cotton plant in Sind, Part II. 
B, M. Dabeal, T. J. Malkanti, and S. S. Chiney, Sakrand (Sind). 

64. Results of germination tests conducted with seeds of 

paddy variety, Vasiramundan, preserved in different 
containers. 

N. K. B. Kuhupp, Travancore. 


65. Some facts connected with the flowering of Vasiramundan, 

a paddy variety. 

N, K. B. Kijeupp, Travancore. 

The paper is the result of a detailed, scientific study of the special 
aud pectiliar characteristics of a paddy variety called Vasiramundan, 
describing the experiments conducted on twenty-four plants of this variety. 
These experiments point to the conclusion :— 

(1) That the Vasiramundan soodlings transplanted in the month 
of Karkadakam (Adi, August), as well as those transplanted in the month 
of Thulam (Alpasi, October), mature almost at the same time, thus 
demonstrating that conditions for its flowering are dependent upon 
stated and distinct seasonal conditions. 

(2) That the prevailing wind, called ‘ Kizhekkan is an important 
factor in determining the flowering of the plants. 

(3) That the plantlings transplanted in the month of Karkadakam 
(August), having ample time before their flowering, are found to attain 
their maximum natural growth ; and 

(4) That the sheath of the boot leaf is in every case longer than the 
sheaths of the leaves situated lower down, while the lowest green leaf 
has the longest blade. 

66. Influence of the soil-moisture relationship on crop growth. 

I. Madhushdan Rao, R. K. Aheangabadkae, and 
B. Goswami, Indore. 

Moisture relationships at different profile zones were examined just 
after wet spells and after a rainless interval in three types of local soils, 
(1) poor, dark grey, liable to surface wash, (2) fertile, well-drained, black, 
(3) medium, light grey, well-drained, deep. Sihular observations were 
taken cm rich and poor patches in fields. In dry weather the black soil' 
maintained a higher moisture level especially at the surface than the light 
grey deep soil, while the surface-washed soils showed extreme fluctuations, 
rains, surface-washed soil and poor areas were moister than the others. 
The moisture content diminished in all soils from the top downwards 
to one foot and remained constant below. Under local conditions .the- 
passage of rain water to the permanent moisture level is slow and mote 
so in poor fields, resulting in surface wash from unabsorbed ram, var 3 ring- 
in sev^ty inversely with the fertility. 
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The wet weather accumulation and the dry weather losses in the 
upper foot of the soil also vary similarly. The differences in moisture 
relationships in poor and rich soils seem to be associated with differences in 
cropping vigour not only in the khorif but also in the rabi season. 


PLANT BREEDING AND GENETICS. 

67. Improvements in plant breeding technique in relation 

to cotton improvement in Central India and Rajputana. 

J. B. Hutchinson and Kubeesingh, Indore. 

Central India and Rajputana cottons are mixtures of poor yield and 
quality, with some components ripening late and liable to frost damage. 
Following 6 years’ selection since 1925 and 4 years’ confirmation on large- 
scale tests all over the area, strains emerged with yields more than 20%, 
staple 2 mm., ginning 4%, and spimiing 40% higher than the Malwa 
locals; a roseura strain for Nimar yielding 20% higher; and an early 
Cambodia escaping frost for well or tank-irrigated areas of Malwa and 
Rajputana. 

Imported varieties usually failed to thriv'e. Quick elimination of 
undesirables by exposure to local unfavourable conditions to detect 
hardy responsive families led to the success obtained. Final choices 
for multiplication and distribution were made rapidly and precisely by 
widely scattered field tests on Fisher’s principles. 

These principles have been further applied to eliminate similar 
midosirables in the early selection stages, to hasten the sifting of the 
products of previous hybridization, and to make further improvement 
in the already selected strains. The parent characters have been com¬ 
pared with those of their progenies. 

Spinning values of products, even of single plants, are being assessed 
by the Indore Takli method. 

Interspecific hybridization to concentrate desired genes promises 
striking products. 

68. Ripening of sugarcane sorghum hybmds in the United 

Provinces. 

H. N. Batham, R. L. Sethi, and L. S. Nigam. 

These sorghum hybrids behaved imimiformly at different stations, 
even at the same station in different years. At Cawnpore and Gbrakhpur 
in the first year ripening started after nine months and maturation was 
incomplete even after eleven months, whon only one of them recorded 
about 16% sucrose. In the second year at Gorakhpur ripening started 
after eight months instead of nine. Ma.tm’ation was complete in nearly 
twelve months, when sucrose varied between 16'80% and 18 20%. 

At Shahjahanpur maturation started after seven months (16% 
sucrose) and continued up to thirteen months, whon maximum sucrose 
ranged between 17*25% and 19*95%. This difference in behaviour is 
probably duo to the difference in the characteristics of soils and weather. 

Compared with other Coimbatore varieties they appear to be richer 
and earlier ripeners than Co213 and Co350, but do not seem superior 
to other early varieties Co214 and Co313; and due to poor yield and 
defective agronomic characters they are not likely to replace them in the 
United Provinces. 

If, however, advantage is taken of their early maturation and certain 
characteristics of soils, the working of sugar factories can be prolonged 
from October to May, and the loss generally undergone by the factories 
in the beginning of the season due to the supply of poor canes will be 
avoided. 
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69. Sugarcane and sorghum crosses in Malwa and Rajputana. 
G. C. Tambe, S. C. Chakeab-arty, and V. R. Sathe, Indore. 

The short duration of season favourable for the growth of sugarcane 
in liCilwa and Rajpntana makes desirable the growth of early types. 
Some of the Coimbatore Sugarcane and Sorghum Crosses, reputed for 
their extreme earlinoss, were oompared with Coimbatore late varieties for 
the last two years. Some of them fared better than the late canes, in 
germination, growth and sucrose contents after nine months, though the 
yields of such early varieties were lower. The high-yielding crosses were 
not the highest in sucrose contents. It is yet to be seen whether suitable 
manuring will increase their sugar contents or the yield of the better 
analysing canes. Cultivation of early canes suitably adjusted to local 
conditions may prove valuable for Central India and Rajputana. 

70. Mysore cottons and their improvement. Parts I and II. 

V. N. Ranganatha Rag, Bangalore. 

GoBBjToium Arboream is a perennial tree cotton belonging to the old 
world (Deshi) group, possessing a long and strong staple and at the same 
time developing*a red flower and a green seed. 

Several attempts in the past have been made to hybridize this cotton 
with other Deshi annual forms, with a view to transfer the quality of the 
staple into the annual variety, though not with much saocms. 

A need arose to use this tree cotton as one of the parents in the hy- 
• bridization work in Mysore, with the object of not only transferring 
the quality of the staple into the annual forms, but also the flower and the 
seed colour in order to distinguish it from the local cottons. 

Throe characters, namely, leafshape, flower colour, and seed colour, 
were studied in F. 1. and later generations. 

After seven generations one form, possessing broad leaf, yellow 
flower, green seed, and at the same time having other economic characters, 
such as high ginning (over 30%) and superior lint, has been fixed, and 
this has been breedi^ true to the type during the last six seasons. (Fur¬ 
ther work is in progress.) 

Two reports, one from the Technological Laboratory, Matunga, 
and the other from the Binny Mills, Bangalore, on the spinning perfor- 
mance of this cotton, are included. 

71.. Tito occurrence and inberitance of dimpling in sorghum 
grains. 

G. N. Ranoaswami AYYAiJGAB, Sankara Ayyar, V. Pandg- 
RANGA Rao, and A. Kgnbikoran Nambiar, Coimbatore. 

Qrains with a dimple on them occur in Sorghum. Varieti^ with 
such grmnB are rare. Dimpling has been noted in white, yellow, red 
and bmwn grains, and in grains that are pearly or chalky in appearance. 
Dimpling could occur in grains with nomy or corneous endosperm. 
Grains ^m dimpled varieties are consumed as a delicacy in the dough 
stage when they ara sweet. Dimpling results from the smallness of the 
starch grains. This smallness is due the arrest in the development 
of the Btaroh grains. The pollen in these dimpled varieties stain light- 
blue and in oommon v^eties they stain def^-bhie with iodine. In hybrids 
between dimpled and otnnmoa non-dimpled varieties, gametic dunorphism, 
in both pohoi grains and embryosaoa, has been noted. Full non-dtopled 
grains In eaihiMds with dimpled gndns betray xoiia. This dimpled grain 
oooum freq^tiy in the group S', camuum (Host) and the dhnplra variety 
haa been na<Ded^5. c&rrmm pSogt ) var . areolatm (Bangaswomi). Dimpled 
•grains (dp};»re recessive to n|fl!i^a4 tum>dim^ grains. 
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72. Inheritance of grain shattering in rice Oryza sativa. 

K. Ramiah and K. Hanumantha Rao, Coimbatore. 

The shattering of grain is a character associated with wild, rice® 
where it is most apparent. The cultivated varieties also exhibit this 
character in varying degrees. The inheritance of this character has been 
studied in the progenies of a number of crosses at the Paddy Breeding 
Station, Coimbatore. 

The shattering character appears as a simple recessive in crosses 
involving a wild type as a parent where it is manifested to the maximum 
degree. The studies reported here, however, refer to a particular cross 
between two cultivated types wliich differed markedly with regard 
to this character, the mean number of grains shod per panicle in one 
parent being 3‘6i*013 and in the other parent 34‘3 + 'd34. A special 
mechanical device was evolved to estimate the amount of shattering 
quantitatively in the parents, Fjs and subsequent generations up to 
PsS. Tlte results would appear to show that the inheritance conforms 
to the multiple factor type of inheritance for quantitative characters, 
and that the number of Mendelian factors involved are probably not 
more than two. 

73. Introduction of improved varieties of crops in Central 

India and Rajputana. 

J. B. Hutchinson and V. G. Panse, Indore. 

The results of over two himdrod field experiments conducted by the 
Institute at Indore and in member-Statea in Central India and Rajputana 
during the three years, 1932 to 1934, are summarised. Chiefly due to 
research by the Provincial Departments of Agriculture in India there 
exist numerous improved varieties of common agricultural crops. The 
object of these experiments was to find those that could profitably replace 
the locally grown mixtures. There is no doubt that usually the greatest 
success will ultimately be obtained by selection from the local stock; 
but guided b^ these field trials, and as a first step in improvement some 
of the existing strains can be introduced with confidence in certain areas. 
Introduction of Cawnpore 620 cotton in the Gang Canal Colony in North 
Bikaner and Akola 12 groundnuts in Bundelkhand are examples. 

Modem methods of field technique have been adopted throughout. 
Devices used to simplify the actual experimental work without loss of 
statistical accuracy have been described. Improvements to increase 
the efficiency of these trials have also been discussed. 


ELECTRICITY IN AGRICULTURE. 

74. Recent progress in the application of electricity to plant 
growth. 

S. S. Nbheu and Co-workers, Madnpuri. 

During the Presidential address in the session of 1934 the writer 
explained the results of experiments on the Application of Electricity 
to Plant Growth and stressed the different methods employed for a very 
wide variety of plantSt the tendency of which was to turn from strong 
electric forces to weak and weaker ones. The most important practical 
methods were the radiomagnetic. These have since been developed, and 
new methods such as those of electrified irrigation and spraying tested by 
the writer and his oo-workers of M.F.G. Association in the last 12 months. 
They cover mangoes, pears, jfKik-fruit, oranges, lemons, santras, falsa 
(Grewia asiatioa), roses, guavas, grape-wines, sweet-lime, papaya, figs,. 



448 


Section VIl, Agric'ulture. 


(24) 


jamun (Eugenia jambolana), mulberry, plums and mushrooms. Es¬ 
pecially favourable results with the electrified irrigation and spraying 
have been obtained with a wide variety of plants iuoiuding cotton, cauli¬ 
flower, maize, Juax, etc. One very beneficied result of the treatment is 
to strengthen the stems of fruit so that they hold better and the loss of 
fruit falling in storms is very much reduced. Tests are in progress. 

75. The use and benefit of irrigation and spraying with 

electrified water. 

S. S. Neheu, Mainpuri. 

Electrified water is prepared by passing a high tension spark through 
water in an insulated vessel, usually an earthenware pitcher, for a minute 
or two. This water is then given to the roots or sprayed or poured over 
the growing parts of a plant. Root irrigation has proved very effective 
and water required for such purpose is much less than ordinary water 
for identical plants growing side by side treated as control. Among the 
plants which have given definitely favourable response in growth and in 
yield are orange, figs, papayas, cauliflowers, jamun (Eugenia jambolana), 
cotton, maize and lemons. As to spraying, this causes better growth 
of the growing part which receives the spray-bud, root, shoot, flower, 
leaf, twig, or anywhere else. This has proved very successful by the 
differential growth of fniit such as mulberry, roses, croton, hibiscus, etc. 
The theory very simply is that the growing part is, among other effects, 
surroimded with a mantle of electrified water which sets up a favourable 
potential under which the vital juices circulate with greater facility. 
This theory is of general application to tissues, plant and human, but 
has fotmd special demonstration in those cases. Tests continue. 

76. The cure and control of certain plant deficiencies, diseases 

and pests by eleetrocultural methods. 

S. S. Nehuti and Co-workers, Mainpuri. 

The methods employed are: radiomagnebic, high tension sparking 
■of seed, electrified irrigation, spraying and gurwitch rays through onion 
interoulture. 

The following results have been registered to date :— 

Withertip in Santra plants:—The treated growing vigorously; the 
control standing with few leaves. 

Defleiency in Santra plants:—Two equal Santra plants taken for 
expeiiment. One jacketed and the other left control. The treated 
plant bearing 21 fruits and the biggest in the garden, the control only 3. 

Smut on Sugarcane 290 and mealywing insect;—^Tho Sugarcane plant 
infected with smut aproned and sparked for two minutes continuously 
for 10 days. After 12 days the treated plant gave 16 new healthy shoots 
which were growing vigorously. Meaiywing insects were easily Mlled by 
sparking. 

R.M. Bed sowing with control:—^Potato sown in two pots E and C 
in hot summer. The E pot germinated and the 0 -died. 

Stem Borer in Papdya plants:—^There were 7 infected plants which 
were jacketed after removing the infected portion of the plant. No 
sign of stem borer seen and plwts are growing and fruiting normally and 
h^thy as before. Teste have been repeated with success m many places 
(e.g. Mr. Slater’s Farm, Etah). 

Mango White Bug in Jack-fruit Plant:—One Jack-fruit attacked 
with insect jacketed and sparked with cycle dynamo for 6 minutes con¬ 
tinuously for 7 days. On the 8th day fmts were seen entering into small 
holes of the infbotefi portion. The mitocts had died and the ants were 
«atiag it and the plant is now getting its original growth. 
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Energised seed sowing of (!) Cotton A 19, (2) Groundnut Akola, 
<3) Arhar Kartiki, (4) CaBt(w. 

All seeds energised separately and sown in pots with the control 
in the same soil and at the same time. Germination percentage of E 
was from 80 to 90 while the Control had 50%. 

R.M. Bed sowing Jack-fruit:—The E seeds germinated 6 or 0 days 
before the control. 

Some results of jacketing Mango Plants :—^As the particular garden 
soil was unsuitable for the grafted mangoes, therefore every mango plant 
was aproned, the result being that none of the plants was alfectod either 
by frost ij. winter or by loo in summer. The small plants over a year 
old grew vigorously and the big ones four years old finited heavily. 
Similar were the results with pumpkin and grape-vine plants. 

Mulberry plants :—One mulberry plant which was energised in January 
1936 fruited copioOsly. It has fruited again in the rainy season. Second 
series of fruits are as good as the first. 

Cocoanut:—Plants tliat were dying began to revive and after another 
two weeks began to put out shoots. 

Santras;—treated with Onion Interculture, not fruiting, having 
stunted growth, wore improved in vegetative growth and threw out 
shoots. Others treated with jacket and Onion Interculture showed very 
good vegetative growth. Still others which had crumpled and poor 
fruit which would not ripen but fell off, gave a rapid response to treatment 
and improved in shape and are ripening on plant. 

Var Matheua Kampur when treated with Onion Intorculture gave 
new buds. General condition healthy. 

Raspberries:—Treatment Kadiomagnetic. Treated plants shows 
better growth and bears many fruits ; controls smaller and have only 
a few fniits. 

Bitter Gourd :—Treatment Radiomagnetic : Treated plant 7 times 
the control and budding early. 

Tomatoes:—Treatment Radiomagnetic ; treated plant bears big 
fruits. 

Cabbage:—^Treatment Radiomagnetic; treatment l^ times the 
control in size. 

Citrus suhering Malsecco :—is responding powerfully radiomagnetic 
treatment in tests conducted under the writer’s care in Italy. Very 
significant is the following tost:—50 seedlings were artificially inoculated 
with Malsecco. 25 left as control died out; the remaining 25 which 
were treated 50% are doing well. 


AGRICULTURAL MARKETING. 

77. Agricultural marketing. 

A. M. Livingstone, New Delhi. 

General Introduction. Nature of study now being made in India 
by Central and Local marketing staffs in Provinces and Indian States. 

Discussion of siurvey methods with reference to the advantages of 
pxiopting a commodity basis. The compilation and interpretation of 
results. 

Some aspects of the problem in relation to various commodities 
illustrating common factors and fundamental differences. Possible 
nature of subsequent development work wdth a view to improving market¬ 
ing conditions and obtaining better returns for producers. Principles 
and metho^ of standardisation, demonstration (propaganda) and organi¬ 
sation (rationalisation) as adopted in other countries—applicability or 
otherwise to Indian agricultural conditions. Need for the assistance 
and co-operation of trade and manufacturing interests in improving 
marketing conditions. Conclusions. 

29 
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78. Biological eradication of Kam {Saccharum spontaneum). 

G. C. Tambe and Y. D. Wad, Indore. 

Eradication by the Kana plough or by chemical means, though efficient 
if properly done, was found, in practice, to be beyond the means of the 
Indian cultivator and not readily adopted by hun. It was often seen 
that in one season complete destruction of patches of permanent grasses 
and weeds occurred wherever rain-watered compost was made or on field 
borders imder heaps of collected weeds. This seemed to result from 
the smothering and decay of the roots in the presence of decomposing 
organic matter in the soil zone surrounding them, sufficiently to exhaust all 
reserve plant food. The injury is intensified by absepce' of light. Both 
in cultivated fields and grass areas kana patches were kept imder cover 
of green or dry material during the monsoon after cutting away the standing 
growths. The process was repeated once in the season. The effect was 
striking, resulting in complete disappearance of the weed. A simple 
and cheap technique for a large scale adoption is being worked out. 

79. Marom and marom infection {Striga lutea Lour). 

N. K. B. Kdeupp, Travancore. 

Striga is a root parasite (Marom) generally met with in the cherikkal 
cultivation,—cultivation of paddy on the hill-slopes is known as ‘ cherikkal 
cultivation ’. A careful study of it has revealed that deficiency of organic 
matter and of lime in the soil is a favourable condition for the growth 
of the parasite under reference. A few measures for the eradication of 
that obnoxious weed are detailed here as having been found, as a result 
of experiments, successful. 

80. Soil conductivity and its water contents. 

S. Datta and K. N. ChatteejeE, Calcutta. 


81. The need for unofficial agricultural organisations in India 
and their scope. 

T. V. Ramakeishna Ayyae and V. Muthxjswamy Ayyae, 
* Coimbatore. 

In a large continental country like India containing vast areas of 
arable and forests and with the extraordinary varying agricultural 
conditions and practices, it is felt that the existing organisations imder 
the auspices of the Government, for the purpose of bringing home and de¬ 
monstrating to the farmer in the fields the modern scientific im¬ 

provements in agricaltural methods and the multifarious benefits derived 
therefrom, are not sufficiently adequate and numerous to meet the growing 
needs of the cultivator in the different parts of this large continent. In 
this paper an attempt is made to make out a case for the need for unofficial 
agencies which can supplement the work of we Government departments 
in this direction. A few remarks me included regarding the scope of such 
ozganisations and some sug^tions regarding the different methods that 
might be adcq>ted to makewwi do xu^ul work. 


82 , Agricultural bias hi secondary schools; its nature and 
economic aspect, - . 

K. A. Batwabdhah, Indore. 





work is mostly done at present by peoole 
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necessary for success in such work can only be ensured if the right type 
of agriculture bias is given to future workers while at soliool. It is 
emphasised that the local conditions should be correctly reflected in every 
detail in the pattern adopted. The student thus initiated should then 
be acquainted with definite lines of possible improvements. All this 
should enable him to give a practical demonstration of what he may 
recommend to others. The Kumars of the Daly College, the future 
gentry of rural areas, are being made familiar with the local agricultural 
system including its economic aspect since July 1933. An account of 
the working of the scheme with results obtained is given with special 
reference to:— 

(1) Capital Investment. 

(2) Equipment. 

(3) Current expenditure. 

(4) Output. 

(5) Training of students in carrying out farm operations and manage¬ 

ment. 

(6) The evolution of agricultural training out of Nature Study 

taught in the lower classes, and 

(7) Some examples of the practical effect of the training so imparted. 

83. The waste products from educational establishments, 

and their utilization for educative purposes. 

K. A. Patwabdhan, Indore. 

Four years’ experience at the Daly College has clearly proved the 
utility of the Indore process of composting vegetable wastes as a sanitary 
system for the disposal of rubbish and stable wastes obtainable from the 
school compounds. It leads to economy in garden up-keep. The Daly 
College trials have applied, for the first time since its inception bj' Sir 
Albert Howard, the Indore process for the utilization of horse dmig. 
A high quality of manure has been supplied to gardens in large quan¬ 
tities. Details about the available raw materials, working, water supply, 
labour, costs and output are given. 

84. The use of revenue settlement records for agricultural 

workers. 

K. A. Singh, Lakshman Swaroop, ard R. K. Aurangabadkar, 

Indore. 

With the help of information available in Revenue Settlement 
records. Agricultural Officers can carry out their advisory and research 
programmes with greater precision. 

Productivity is the main basis of revenue classification of lands 
with a few exceptions due to economic and other considerations. In¬ 
formation is usually available in these records about, (i) texture and 
moisture-rolatiuns of soils, (ii) suitability for particular crops, (iii) response 
to manures and irrigation, (iv) characteristic natui'al vegetation, 
(v) topographical situatioiis and associated recks, and (vi) general 
weather conditions. 

If it is realized that this classification brings soils of common afflnities 
together even when they are situated in widely separated i-egions, its 
importance as a practical guide will surely be appreciated. Reports of 
field experiments ought, therefore, to state clearly the applicability of the 
results to the appropriate settlement classes so as to indicate the range 
of their ext^ision in praotice. 

The revffljue claasifioatimi may facilitate the choice of typical sites 
for doser sdl statjies. It wbuld be interesting to connect exactly if possible 
the setttement groups of soils with soienrifio elasrifioations. 
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Instances from revenixe records of Jodhpiir, Alwar, Datia and Nar- 
singarh are given to illustrate the above views. 

85. Inheritance of Size and Shape of Grains in Rice. 

S. K. Mitka and P. M. Ganguli, Assam. 

The length of spikelets in rice has been observed to segregate in the 
ratio of 3 short; 1 long. But since there is a variation in the group of 
short and long spikelets within a limited range, a multiple factor hypo¬ 
thesis may also hold good for a multiple of the ratio of 3 : *1 

Multiple factois are also probably responsible for the inheritance 
of the breadth of spikelets in rice owing to the normality of the curves 
for the F 2 and Fj segrt^ations. Broadness has been foxmd to be dominant 
over narrowness in Fi of two crosses. 

No correlation was, however, found to exist between the length 
and breadth of spikelets amongst the F 2 population of tho cross made 
to study the spikolet size. 


86. A note on the study of relationship between intensity of 
hairiness of cotton leaves and insect attack. 

J. C. Luthea and Indar Singh, Lyallpur. 

In the Punjab the foremost item on the programme for improvemont 
of cottons was the introduction of American cottons with a view to provide 
to the Province strains of better quality fibre and longer staple than the 
indigenous cottons. In the beginning of this work it was realized that 
cotton varieties with smooth leaves or less hairy surfaces get seriously 
damaged by the Jassid insect. The character of hairiness of leaves tecarno 
therefore one of the crucial determining factors on which selections of 
suitable forms had to be proceeded with. On basis of this important 
test a number of American selections were discarded and throi^hout 
the cotton breeding work attention has been paid to the extent of hairiness 
of leaves in various types. In certain years Jassid caused havoc among 
some outstanding selections and brought utter ruin of the crop. 

As a result oftheae studies the following conclusions have been amved 

at;— 

(1) The intensity of hairiness varies in different types of American 

and Desi cottons. Desi cottons are distinctly more hairy. 

(2) The extent of insect attack is related to tho amount of hairiness 

of cotton leaves. Desi cottons being densely hairy are immune 
to the attack. The American types 6, 19, 36 and 38 are more 
susceptible to injury by Jassids as compared with types 
1, 4F, 4F(S) and 43 which are more hairy. 

(3) There is no appreciable difference in the len^h of hair of the 

different types of American cottons. Desi cottons, however, 
possess shorter and more hairs and those on the upper surface 
are compatativel'y longer. 

(,41 The leaves of American types, besides being less hairy are thicker 
than those of Desi cottons and arc damaged greatly. The 

' Desi cottons have thinner and more hairy leaves and are 
not injured by the insects. 

(6) A atftjbistieal study of the relationship between hairiness and tho 
humhw of brown damaged spots shows a higb ooiralation ; 
the coeSetent of correlation being —.96^,039.' It zaoanf 
that hairiness tends to cheek insect attack, 
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87. The Importance of the Study of Hymenopterous Pajrasites 
in India with notes on the Bionomics of some of the 
Important Parasites found in Pusa. 

E. S. Narayanan, M.A., Pusa. 

Those who have followed the trend of Entomological thought in 
recent years must have been struck by the phenomenal interest shown 
in one of tho braneht® of Economic Entomology, viz. ‘ The Biological 
Control of Insect Pests ’. The Hymenopterous parasites belonging 
to tho faxiiilios Chaleidas and Braconidse play a very major part in keeping 
some of these posts under elFective check. In India where the use of 
Insecticides is not possible or atlvisablo due to tho small holdings of the 
ryots, their illiteracy and poverty, and the prohibitive cost that the use 
of insecticides over lai’ge areas entails, the study of those parasites that 
silently bring about a partial destruction of these pests becomes 
very important. The biology of the following three parasites are 
described in tho paper,;— 

(1) A pantales flavljies Cam.—This has been reared from the sugar¬ 

cane stem borers Argyria sticticraspis, Dkitrata vrnosata 
and (Jhilo zonellua. The parasite has not been definitely 
recorded in India before from either Argyria sticticraspis 
or Diatroaa venasala. Tho parasite is first soon in the sugar¬ 
cane fiehls from January onwards. From 15 to 80 Ajmntalea 
grubs develop in each hir\'a. Tho parasitic lan>^aE* on their 
omci’gence from the host congregate in a group and move 
to the upper part of the bored tunnel. Moisture is essential 
for successful pupation and emergence. The pupal 
period is about eight days in March and the first half of 
April. Males and females emerge from the same cocoon. 
Males emerge first. They copidate almost irame<liately. 
Unfed they die in about 24 hours. If fed on sugar solution 
they live for three or four da 5 ’- 8 . The males die earlier. 
Three to 18% of tho cane borer larx'-ae were founil to be 
parasitized. 

(2) Apantalespaludicole Cam.—^The Pterophorid caterpillar Sphena- 

rachUt caffer feeds on leaves of Lagenaria vulgaris, Dolichos 
lahlah, Vucurhita sp. and on the flowers and pods of 
Gajamis indicua. Tho pest is kept under check in nature 
by the parasite. The female parasite lays a single egg in 
the second instar larva of the host. The egg and lar\’al 
period of the parasite inside tho host body is 20 days in 
winter (November, December, January and first half of 
February), 16 days during the latter half of February 
and March, and 12 days during the monsoon months. 
The parasitization in 1933, 1934 an<l 1935 were 46.49%, 
64.81% and 44.44% respectively. 

(3) Glyptomorpha deesoe. —This has been reared from the 

root borer of cane Emmaloceru liepressella. This is the 
first time that the parasite is recorded from this pest. The 
parasites are seen in small numbers in tho cane fields from 
the last week of April. The female with its long ovipositor 
is able to get at the larva in the root stock. The egg and 
larval period within the host is from 20 to 26 days. The 
males live only for 24 to 30 hours even if fed. The females 
live if fed for more than a week. The pupal period ia about 
12 days. The parasitization was about 3%. 
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Presidential Address. 

IMMUNITY IN PROTOZOAL DISEASES. 

In choosing for my presidential address the subject of 
immunity in protozoal diseases I had two objects in mind. 
In the first place I was anxious to select a subject which would 
be of interest to both the Veterinary and Medical professions 
as well as to general biologists ; in the second place I chose it 
as a subject with regard to which we have as yet little precise 
knowledge and which I wish to bring to your notice as well 
worth study by both professions and by other biologists. It 
is a field largely untrod when compared with similar fields in 
the domain of bacteriology and, therefore, likely to yield much 
interesting knowledge to the investigator. At the same time, 
comparatively fresh as the field is, I am aware of the limitations 
of my time and have had to omit much which might have been 
included had more time been available. Although, therefore, 
my selection has left much untouched I have endeavoured to 
deal with those aspects of most immediate interest to medical 
and veterinary workers. 

Before Uiking up my theme, it will be necessary for me to 
attempt a definition of immunity. This is a word which has 
been very hard worked in medical science and I wish to make 
clear the limitations of its use in my present communication. 
By the term immunity 1 wish you to understand the resultant 
between the opposing forces of the invading parasite and the 
invaded host. As both host and parasite share the common 
biological characteristic of never being in a state of equilibrium, 
so the resultant of their interactions is always varying and may, 
at a given moment, have any value from zero to infinity. This 
definition is wide enough to allow us to consider immunity both 
from the point of view of the host and the invader. 

I think there has been a tendency in the past for medical 
and veterinary biologists to consider that immunity of the 
host against the attacks of protozoa differed in its mechanism 
from that against the attacks of bacteria. This attitude was 
probably engendered by the fact that after the attacks of certain 
protozoal diseases, immunity appeared to be very evanesce\it or 
even naa-existent. I refer to such diseases as maJl^a and amoebic 
dysentery repeated attacks of which an individual may suffer 
from. In the former cate, not onfy does enre leave the individual 

( .m ) 



466 Section F///, Medical and Veterinary Research. (2) 


still susceptible to infection with malaria but even before cure 
each individual relapse does not confer sufficient immunity to 
prevent further relapses. Under such circumstances, it was 
not unnatural to conclude that there was no appreciable immunity 
conferred by an attack. 

A consideration, however, of all the recent literature on 
immunity against protozoal diseases makes one believe that 
immunologists are being led to the conclusion that the mech¬ 
anisms of resistance on the part of the host to invasion by 
protozoa and to multiplication of the latter in the host’s body 
are similar to if not identical with those brought into action 
against bacterial invaders. 

This being so, it is necessary for me, as a preliminary, to 
review very briefly, for the benefit of those here who are non¬ 
medical or veterinary biologists, and with apologies to these 
latter, some of the known mechanisms by which immunity against 
specific infections is brought about. In doing this, I have 
followed closely the views expressed by Topley in his extremely 
useful ‘ Outline of Immunity ’ which is a masterpiece of conden¬ 
sation without the omission of any essentials. 

Immunity comes into action when an infection, bacterial 
or otherwise, has invaded the tissues of the host. To prevent 
this invasion, there are various inhibitory mechanisms. Some 
of these act chiefly as mechanical barriers—such are the intact 
skin and mucous membranes. Others act by virtue of chemical 
agents—such are the stomach with its gastric juice of high 
hydrogen-ion concentration. Still others act by means of a 
bacteriolytic agent called lysozyme which is present in tears, 
nasal secretion, and many tissues, including skin. 

The nasopharynx is another barrier. In this bacteria 
are caught up in the mucus and swept back by the agency of 
ciliated epithelium to join bacteria from the mouth on their 
way to the stomach. Enough has been said to show that any 
pathogenic organism which has gained access to the tissues 
has done so by evading or breaking down a scries of barriers 
erected against it and the host may be said to have lost the 
first action against the mvader. Let us now see what the 
internal lines of defence against the enemy are. 

Antibody Foemation. 

When certain foreign substapces, particulate or in solution, 
are introduced directly into the blood or tissues of an animal, 
they stimulate the production, in the serum or body fluid of 
that animal, of specific substances which, when brought in contact 
with the specific stimulants, react with them in some observable 
way. The substances acting as stimulants are called antigens 
and the resulting specific suh^tances which react with them are 
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The usual method of proving the antigenic nature of any 
body is to show that when mixed with the serum containing 
the homologous antibody there is formed either a precipitate if the 
antigen is in solution, such as a toxin, or aggregates of particles 
if it is particulate, such as a bacterium. 

Now it is almost certain that all substances which are 
complete antigens are protein in nature and it follows from 
this that specific immunity is dependent on chemical structure. 

The next question that arises is what is the chemical nature 
of antibodies. There is not a great deal known about this but 
it is possible that they are either globulins or very intimately 
associated with the globulin molecule. Thus in serum they 
are almost invariably found to be present in the pseudoglobulin 
or euglobulin fractions. 

We have now to consider the various reactions which 
may occur when antigen and antibody are brought together. 

Agglutination. 

We may consider this first as it is j»robably one of the 
most commonly practised of all bacteriological procedures. 
In this reaction, the antigen is an organized cell or part thereof. 
The antibody may have been produced naturally in the serum 
by an attack of disease or artificdally by the parenteral inoculation 
of the corresponding antigen. The reaction consists essentially 
in the mixture of a suspension of the antigen (e.g. B. typhosus) 
with the corresponding antiserum. The antibody in the latter 
causes the aggregation of the batiteria in the sus])en.sion into 
clumps. 

Lysis. 

By this is meant the power possessed by serum of disin¬ 
tegrating bacteria and other cells. This property is due to the 
presence of specific antibodies whose presence has been deter¬ 
mined chiefly by the injection of the corresponding antigen. 
It has been shown, however, that this lytic property of immune 
sera is dependent on two substances—(a) the specific lysin which 
is relatively heat stable, (b) the complement which is thermo- 
labile. The complement is present in normal serum and in 
contrast to the lysin is not increased as a result of the introduc¬ 
tion of foreign proteins. 


Peecipitins. 

When an antigen in solution is brought into contact with 
its corresponding antibody, there is a reaction in the form of 
precipitation in the mixture. The greater part of this preci¬ 
pitate comes from the antiserum. 
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Complement Fixation. 

This reaction was first described by Bordet and Grengou. 
It depends on the fact that under appropriate conditiom when 
antigen and antibody combine they have the property of ab¬ 
sorbing complement. 

The reaction may be applied for the detection of either 
antibody or antigen although it is usually applied with the 
former object as in the well-known Wassermann reaction. 


Opsonins and Bacteeioteopins. . 

Normal unheated serum contains bodies which so act on 
bacteria as to render them more sensitive to phagocytosis and 
on account of this property of preparing bacteria for ingestion, 
they are called opsonins. The opsonins are thermolabile. 

Antibacterial sera have been shown to contain specific' 
antibodies of similar function which prepare bacteria for in¬ 
gestion by phagocytes but are thermostable. This character 
differentiates them from opsonins and they have been called 
bacteriotropins. The mode of action of these bacteriotropins 
is probably closely allied to that of agglutinins, preoipitins, 
and lysins. 

Having now reached the stage where we have reviewed, 
although Jn mere outline, the various reactions concerned in 
the prodi&^ion of immunity we may consider for a moment 
the theoretical concept in terms of which these reactions may 
be explained. The classical theory is that of Ehrlich—the 
side-chain theory. This theory is not now accepted in full but, 
if it is modified in accordance with knowledge now available, 
it forms a very good working hypothesis. Ehrlich’s theory 
may be briefly described as follows. 

Every cell of the body has side attachments (chains) whose 
nprniial function is to fix food materials and if necessary so to 
alter them as to make them suitable for assimilation by the cell. 
These side attachments are called ‘ receptors ’. When antigens 
are introduced parenterally into an animal’s body, they attach 
themselves to these receptors and the latter are therefore diverted 
from their proper 'functiem of fixing food materials for the cell. 
To make good the deficiency, the cell produces more receptors 
and, as commonly occurs in nature, these receptors are produced 
in excess. This excess of receptors is shed into the body fluid 
. and it is these excess free receptm^ which constitute the anti¬ 
bodies in the serum. Eitelich further conphasked his belief 
that the specificity of thehntibodies was determined by chemical 
structure and that the union of anti^n and antib^y was a 
chemical one. This is the baldest possible statem^t of Ehrlich’s 
theory and I l^hink it is urmecessa^ to go into further detail 
here. ' ' 
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We have now to consider whether the various reactions 
we have considered, and which are the observable evidences 
of immunity production, i.e. agglutination, lysis, precipitation, 
complement fixation, etc., are all the result of interaction of 
the antigen with different kinds of antibody or with the same 
antibody performing different functions. The latter conception 
is now almost universally accepted and may be expressed shortly 
in the following terms: The union of antigen and antibody 
takes the form of an aggregation of globulin particles around 
the antigen. The result of this union at the surface of a cell 
sensitizes it equally to lysis by complement, phagocytosis by 
leuiiocytes, and flocculation by electrolytes. The degree to 
which one or other effect is brought about depends on the relative 
proportion of antigen and antibody, the nature of the antigen 
vector (cell or bacillus, etc.) and on other factors, i.e. all the senim 
reactions are but different ways of making observable a single 
reaction. 

We are now in a position to study the part these factors 
play (if any) in diseases caused by protozoa. The most con¬ 
venient way in which to do this will be to take certain specific 
di-seases and to .see what is known about each as regards the 
presence or absence of immunity in the parasitized host. The 
evidences of immunity are not so easily brought under obser¬ 
vation in the test tube as in bacterial diseases and have, therefore, 
to a greater extent to be studied in living animals. Thus many 
protozoa are confined to internal organs or tissues such as the 
coccidia and, also, many cannot be cultivated artificially. Under 
these conditions, the protozoal infections most amenable to 
study from the point of view of immunity are those in which 
the parasites occur in the peripheral blood of the host in all 
their stages and thus can be seen, measured, and enumerated. 
For our purpose, it will be most convenient if we take certain 
representative protozoal infections and study the immunological 
reactions in each. 

Trypanosomiasis. 

The trypanosomes are among the most suitable of all 
protozoa for study on the lines indicated above because, in most 
of them, all their stages in the vertebrate host are to be seen 
in the peripheral blood. The account which I am about to 
give follows the findings of W. H. Taliaferro who has done 
as much as any one to elucidate immunity responses against 
protozoa. 

The trypanosomes multiply by ar process of binary fission 
and it is theref(3re evident that, in the absence of any inhibitory 
effect exercised by an immunity response on the part of the host, 
the number of trypanosomes will increase by geometrical 
progression in the form 1 , 2, 4, 8, etc. If, on the other hand, 
this uniform progression is not displayed, and the parasites 
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remain stationary in numbers or decrease, it is evident that some 
retarding influence is at work. It may fairly be assumed 
{although it does not logically follow, since the parasite might 
conceivably limit its own fertility after an optimum concentra¬ 
tion in the blood had been reached) that this retardation is 
due to an immunity response developed by the vertebrate host. 

The most accurate method of determining whether such 
an immunity is operative and of estimating its eflects is to 
make a number curve of the parasites in the peripheral blood. 
The causes of fluctuations in this curve, if any, have then to 
be investigated. They may be brought about by one or both 
of two causes which are essentially independent defence mech¬ 
anisms. These two mechanisms are— 

(а) retardation or complete inhibition of the rate of 

reproduction, 

(б) destruction of parasites. 

From these considerations it will be evident that the 
position of any point on the number curve will be determined 
by the number produced by division minus the number destroyed. 
This would give us the equation 

X^R-D, 

where X is the number of parasites at any specific time, 

R is the number produced by division, 

Z> is the number destroyed. 

X is simply determined by any of the means of enumeration of 
parasites, but R is independent of both X and D. R, the 
number produced by division, cannot be exactly measured, 
but an approximate measure of the rate of reproduction can 
be arrived at in two ways. The first of these is by obtaining 
the coefficient of variation of the lengths of the trypanosomes. 
This procedure is based on the fact that when an organism 
is undergoing rapid multiplication there will be a constant 
production of young forms and therefore intermediate stages 
of growth up to the mature forms. If, therefore, a given number 
of forms is measured, say 100, there will be great variations in 
size Among the individuals. On the other hand, if little repro¬ 
duction is going on the majority of the individuals will be 
mature forms and approximately equal in size. From the 
number measured the mean size of parasite at any specific 
date in the infection can be dfftermined and from the same 
data the coefficient of variation determined by the usual formula. 
For a given trypanosome, e.g. T. lewisi, a coefficient of variation 
for length of 3 per cent, indicates that the trypanosomes are 
all adults and there is no multiplication going on while one of 
30 per cent, mdicates very active multiplication. 

^he, second way of determining the approximate rate of 
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reproduction is by ascertaining the percentage of dividing forms 
in an infection. 

We may now study the results obtained by applying these 
methods under experimental conditions. To do so, we shall 
study the effect of infecting animals with both pathogenic and 
non-pathogenic trypanosomes. 

Pathogenic Teypanosombs. 

Let us study the course of event when a white mouse is 
inoculated with a pathogenic trypanosome such as T. rhode- 
sietise. 

There is found to be a short incubation period of about 
four days. After the first appearance of parasites in the blood, 
there is a continuous increase in numbers until the death of 
the mouse in about eight days. What do our methods of study 
already described show ? In the first place, if counts of para¬ 
sites are made at regular intervals throughout the infection 
the number curve will be found to ascend almost perpendi¬ 
cularly without any fluctuations, proving the continuous in¬ 
crease in numbers by geometrical progression. In the second 
place, the coefficient of variation curve for size remains fairly 
high—say 10 per cent.—throughout the infection indicating 
that a constant rate of reproduction is maintained. This fact 
is corroborated by the presence of dividing forms in the blood. 
Our reading of these data is that the host exhibits no immmiity 
whatever to this jiarasite, either in the form of parasitieidal 
activity or in that of lowering the rate of reproduction. 

As a contrast to the last example, let us now study what 
occurs when the same parasite is inoculated into a guinea-pig. 

In this case, after an incubation period of four or five 
days, a few trypanosomes are seen in the blood. These increase 
but do not reach a very high level in numbers and are subject 
to periodic increases and decreases ended by the death of the 
animal in four to six weeks. By applying the same methods 
of investigation as in the case of the mouse, we find that the 
decreases in number, called crises, and the subsequent increases, 
(ialled relapses, appear on the number curve as fluctuations 
in contrast with the uniform ascending curve found in the 
case of the mouse. 

The coefficient of variation curve for lengths remains 
remarkably constant and at the comparatively high level of 
about 10 per cent, or over. What are we to read mto these 
observations ? 

The sudden disappearance of parasites from the blood, 
represented by the rapid descent from the peak of a wave on 
the number curve, is presumably due to a sudden rapid des¬ 
truction of ^parasites. The alternative suggestion that it may 
represent a mere withdrawal of parasites from the peripheral 
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circulation may be dismissed because a post mortem reveals 
no accumulation of parasites in any internal structure. The 
fact that the coefficient of variation curve for length of parasite 
remains constantly at a comparatively high level is evidence 
that reproduction is going on continuously at a uniform rate. 
The sudden disappearance of parasites at crises, as well as 
their comparatively low numbers throughout, when compared 
with happenings in the mouse, is further evidence that destruc¬ 
tion of parasites is going on. As nature always seems to avoid 
reaching 100 per cent, in anything a few parasites escape and, since 
the rate of reproduction is unaltered throughout the infection, 
these repopulate the blood, leading to the successive relapses 
and crises until the death of the animal. 

To summarize the effects of immunity in this case we may 
say that it is only partially successful since, in the end, the 
animal dies. The guinea-pig’s immunity mechanism is here 
limited to a destruction of parasites by one of the mechanisms 
of immunity previously considered by us, viz. lysis, but fails 
to produce any effect on the rate of reproduction. 

A consideration of these results in mouse and guinea-pig 
seems to me suggestive. Have we here a possible explanation 
of the method in which the non-pathogenic trypanosomes and 
their hosts adapted themselves to each other? We have seen 
that the mouse exhibited no immunity to T. rhodesiense and 
was killed with the simultaneous destruction of the trypanosome 
—a futile biological experiment. The guinea-pig was more 
successful and withstood the infection for some time while 
the parasite was still able to maintain its existence. Now 
comes the crucial point. If we can imagine an animal a little 
more resistant than the guinea-pig, to the point of being able 
to preserve its own life while still unable to mobilize sufficient 
immunity completely to destroy the trypanosome, we arrive 
at a working arrangement between host and parasite in which 
the host supplies a habitat to the parasite and the latter makes 
the minimum of demands on the vitality of the former. If 
such a condition were established it is but natural that more com¬ 
plete adjustment would ensure with the lapse of time and so 
there might become established a perfect adaptation between host 
and parasite such as apparently exists in the case of the non- 
pathogenic trypanosomes such as T, hmsi. 

To resume our study of the gumea-pig, it has been stated 
that the destruction of the trypanosomes was due to lysis. 
There is much experimental evidence in proof of this and also 
that the repopulation of 'the blood by trypanosomes after a 
crisis is not due to the disappearance of the trypanolytic sub¬ 
stance but to a biolo^al change in the trypanosomes which 
tenders them'insusceptible to the trypanolydn. 

^ ,Thuf it has been fohnd the blood of the v^^rtebrate 
ilMpt mtfy ^iuttain both tiypmaosomes and powe^^ tiypano* 

^ ^ft 
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lysins, direct evidence that to resist the latter the trypanosomes 
must have become biologically altered. It has also been 
demonstrated that these trypanocidal properties of the blood 
are developed at the crisis and that whereas they do not act 
on the trypanosomes present after the crisis they destroy the 
original pre-crisis strain. It has also been shown that the pre- 
crisis strain and the relapse strain are so different biologically 
that they can be differentiated by cross-immunity tests. Thus 
a mouse cured of its infection with drugs is insusceptible to the 
original strain but may be infected by a relapse strain and 
vice versa. Various explanations of this acquisition of resistant 
powers by the post-crisis trypanosomes have been given. 
Ehrlich explained it on his side-chain theory. He held that the 
receptors of the original strain combined with the trypanocidal 
antibodies. New receptors were formed on the parasites w'hich 
could not combine with the antibodies and hence the parasites 
were resistant. Others have explained the phenomenon on 
the assumption that non-resistant parasites were killed by a 
process of selection and resistant parasites alone remained. 
Others have considered that the serum contained a substance 
which had the specific property of producing resistant strains. 

It has also been shown that the trypanolytic action is a 
complement-amboceptor phenomenon, thus bringing it into 
line with other lytic immune phenomena. The trypanocidal 
substance is present in the globulin fra/jtions of the serum, 
especially the euglobulin. 

The reproduction-inhibiting component of the serum is 
also present in the globulin fractions, especially the euglobulin. 
This question of biological alteration of the trypanosomes is 
an amazing one when one considers that in certain experiments 
it has been shown that a mouse incompletely cured 20 times 
produced 17 immunologically different relapse strains. Differ¬ 
ences between original and relapse strains can be demonstrated 
in other ways than by cross immunity reaction, e.g. by Rieck- 
enberg’s platelet adhesion phenomenon but time does not allow 
me to go into them. 

The phenomena we have been considering raise the question 
as to whether the trypanolytic action of serum can be demon¬ 
strated in the mouse, which has no natural immunity. This 
is found to be the ease. Thus, if the serum from a guinea-pig 
after the crisis of an infection with T. equinum is injected into 
a mouse infected with the same parasite an artificial crisis 
is produced within an hour or so. The parasites later reappear 
and then multiply steadily until the death of the mouse, since 
the temporary immunity is mwely passive. 

Non-fathogenio Tbypanosombs. 

Having dfealt with the pathogenic trypanosomes and got 
an idea of sopio of the immunity mechanisms at Work we can 
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deal with the non-pathogenic trypanosomes more shortly. As 
a type of these we may take T. lemsi parasitic in the rat all 
over the world. An infection with T, lewisi takes the following 
course. 

There is an incubation period after which the organisms 
appear in the blood and increase rapidly in numljers until the 
blood may be swarming with them. There is then a crisis and 
most of the trypanosomes are destroyed. The survivors continue 
in the blood with little or no increase in numbers until there 
is a second crisis and they also are destroyed. Hereafter, the 
rat is immune to infection. 

If this course of events is studied by the methods previously 
described, i.e. the working out of number curves and coefficient 
of variation curves for length it will be seen at once that a 
different state of affairs exists from that seen in an infection 
with a pathogenic trypanosome. If the number curve in a 
typical infection is examined it will be found to rise sharply 
between the third and sixth days, indicating rapid and un¬ 
interrupted reproduction. Prom the sixth day onwards, the 
increase in number of parasites is retarded imtil by the tenth 
day all the parasites are mature and no further increase in 
numbers is occurring. The curve then falls by crisis, indicating 
the destruction of large numbers of trypanosomes. It then 
maintains a comparatively low level for some time (weeks or 
months) but may rise again, followed by another crisis, and the 
total destruction of the trypanosomes. 

The curve for coefficient of variation in length is also in 
contrast with that for pathogenic trypanosomes. The first 
appearance of parasites in the blood coincides with a very high 
position of the curve, in the neighbourhood of 2*5-30 per cent., but 
the curve falls rapidly to a minimum about the tenth day, 
coinciding with the beginning of the crisis. The curve there¬ 
after remains at a fairly constant low level of about 6 per cent. 

These observations correspond with what would be noted 
by daily microscopical examination of the blood and indicate 
that the manifestations of immunity take three forms: 

(1) A retardation and eventually almost complete 

cessation of reproduction by about the tenth 

day. 

(2) A sudden destruction of parasites by lysis about 

the tenth or eleventh day. 

(3) A total destruction of parasites terminating the 

infection after weeks or months. 

Without going into the details of experiments in proof of the 
assertion I may say that it has been shown that the anti- 
reproduction mechanism is quite independent of the bacteriolysin 
and acts only by inhibiting reproduction without killing the 
ytrypanogomos. 
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As regards the second crisis which terminates the infection 
there is some doubt as to the parasiticidal mechanism at work. 
By some it is supposed to be a lysin, by others due to phagocy¬ 
tosis, or a combination of both. 

To sum up the serological immunity responses shown 
against pathogenic and non-pathogenic trypanosomes We may 
say that in the case of pathogenic trypanosomes the host either 
shows no resistance (mouse) or at intervals forms a trypaiiolysin 
(guinea-pig) which is not absolutely effective as it does not 
kill all the trypanosomes and the survivors renew the infection 
periodically until the death of the animal. In the case of the 
non-pathogenic trypanosomes the host produces a reproduction- 
inhibiting antibody in addition to the lysin and in consequence 
each trypanolytic crisis is ground gained by the host, since 
surviving trypanosomes cannot multiply to replace the loss 
and so, eventually, the host reaches complete sterility. 

Othee Parasiticidal Mechanisms. 

The only mechanism we have so far considered which 
destroys the trypanosomes is the lysin, but there are other 
agencies which also play their part and must be considered. 

Phagocytosis. 

The engulfment and destruction of trypanosomes by 
phagocytic cells may be seen both in the peripheral blood and 
in the internal organs containing fixed phagocytic cells such as 
the liver and spleen. If tryqjanosoraes are injected into the 
peritoneal cavity of immune animals or into susceptible animals 
with the addition of immune serum there is an enormous influx 
of leucocytes, chiefly mononuclears, which first attach themselves 
to and then engulf and destroy the parasites. This phenomenon 
of phagocytosis can also be demonstrated in vitro. 

As regards the fixed phagocytic cells the chief tissue reaction 
to trypanosome infection is said to be a stimulation of the 
reticulo-endothelial system, within the cells of which trypano¬ 
somes may be found in all stages of digestion. The relative 
importance of this immunity mechanism and those shown by 
the serum is not easy to assess and it is possible that they may 
both be different expressions of one process, since the preliminary 
attachment of phagocyte and trypanosome preceding engulf- 
ment may be caused by a lytic serum. 

Alterations in Blood Sugar. 

There is some evidence to show that the destruction of 
parasites is accompanied by a lowering of the amount of sugar 
in the blood. This effect can be demonstrated in vitro as well 

30 
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as in vivo. How important this mechanism may be is not 
known as there may also be a hypoglycaemia in animals such 
as the mouse which show no successful immunity response to 
pathogenic trypanosomes. 


Malabia. 

Our study of immunity reactions in trjrpanosomiasis will 
enable us to deal somewhat more shortly with malaria since 
the mechanisms at work are probably very similar and these 
have already been explained. The chief difficulty in the study 
of the immunology of malaria in the past has been the lack 
of a suitable experimental mammal since animals are not sus¬ 
ceptible to the human disease. As We shall see later this difficulty 
no longer exists and, as a result, much knowledge is already 
being accumulated. Most of the work in the past has been done 
with bird malaria and with this we must first deal. 

Bird Malabja. 

Let us first see if we can apply the methods used for the 
trypanosomes. 

With the trypanosomes we found a measure of the rate 
of reproduction could be ascertained by determining the coeffi¬ 
cient of variation for length (size) of parasite. This was easily 
done because there was reproduction by binary fission without 
any periodicity. In an infection with malarial parasites, 
however, the asexual forms in a simple infection grow and 
sporulate synchronously, i.e. at any one stage all the forms 
will be either lar^, me^um, or small. The time required to 
complete the cycle from any stage back to the same stage will 
be a measure of the rate of reproduction of the parasite. To 
make the computation a given number of parasites is measured 
at four-hour intervals over a reasonable period of the infection. 
The data represented graphically show a curve with violent 
oscillations at regular intervals. This is due to the sudden 
change in size from the large schizont to the small merozoit. 
If such curves be drawn at different stages in the infection— 
acute, chronic, and relapse—they would show any alteration 
in the rate of reproduction. In malaria this method replaces 
the coefficient of variation for length method used for trypano¬ 
somiasis and, like it, is independent of the number of parasites 
destroyed. 

The parasite of bird malaria has the usual sexual and 
asexual cycles but it is only with the latter, occurring exclusively 
in the vertebrate host, that we need deal. The u^l course 
an inflation is as fdlowsit 

After an incubatioiai period parasites appear in the blood. 
Tl^ increase in ni^nb^ till th^ is a very heavy 
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infection. A crisis supervenes and most of the parasites are 
killed. After a time no parasites are seen in the blood, indicating 
a latent stage in the infection. At any later stage relapses, 
followed by crises, may occur. These stages will now be con¬ 
sidered in turn. 

Incubation Period. 

It is self-evident that there can be no immunity during 
the incubation period else the small number of parasites present 
would be destroyed. Further evidence, however, is supplied by 
the fact that the incubation period is to some extent proportional 
to the number of parasites injected, indicating that the rate 
of increase in parasites is probably constant and that the in¬ 
cubation period is simply the interval between the infection 
and the time necessary for the parasites to increase in numbers 
sufficiently to be found in the blood. 

Period of Acute Attack. 

If the method of measuring the rate of reproduction l>e 
now applied to the period of increase in the number of parasites 
it will be found that the length of the asexual cycle will be 
constant, e.g. 24 hours, showing that the rate of reproduction is 
constant and that the number of parasites increases by geo¬ 
metrical progression. This is an indication that the numbers are 
increasing unchecked and that there is no immunity response 
at this period. It must not be inferred from this that all the 
products of schizogony survive, probably only about one-third 
do, but the survival rate is constant and the death-rate of two- 
thirds is probably merely a measure of the natural suitability of 
the host for the parasite. 


The Crisis. 

No one has been able satisfactorily to demonstrate the 
existence of any antibody responsible for the crisis. Certain 
possible factors may be considered. 

The destruction of parasites is brought about without 
any retardation of the rate of reproduction, which remains 
constant throughout the infection. The parasitioidal mechan¬ 
isms at the crisis may be an enhancement of the natural 
unsuitability of the bird for the parasite, represented, as has 
been stated, by a two-third mortality among the merozoits, but 
this is mere supposition and there may be a more active para- 
siticidal mechanism in addition. 

Another possible cause is phagocytosis by the blood and 
fixed tissue phagocytes. That there is a great deal of phago¬ 
cytosis is certain and this may be brought about in various ways, 
aithoi^ the full, mechanism of the method chiefly responsible 
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is uncertain. There may be some antibody mechanism rendering 
the parasite or red cell-parasite combination more liable to 
phagocytosis. It may, on the other hand, kill the parasites 
by lysis, so that devitalized parasites, as well as parasites and 
red cell d6bris, are phagocytoaed. The reticulo-endothelial 
system itself may show a hyperplasia leading to an increase of 
non-specific phagocytosis. 

The question of blood sugar decrease, previously mentioned, 
may also play some parts in the process. 

Latent Peeiod. 

Various theories to account for this stage in infection have 
been advanced but time will only permit me to do very little 
more than mention them. A relapse may occur after a short 
interval or after a very long interval and it is possible that the 
method of survival of the parasite may not be the same in these 
two cases. In the case of relapses after short intervals most 
observers agree that there is a persistence of the asexual parasites 
in small numbers throughout and that some lowering of vitality, 
or the relaxation or temporary failure of the immunity mech¬ 
anisms, allows a repopulation of the blood to produce a relapse. 
In the case of relapses after a long period some workers hold 
that the same factors are at work. Other theories, however, 
are in the field. Thus, parthenogenesis of the female game- 
tocytes has been advanced as the source of parasites in a relapse 
but this is hardly accepted now. Other workers have described 
specialized resistant asexual forms able to retain their vitality 
in the body of the host during a latent period and capable of 
resuming the schizogenic cycle at a propitious moment. I 
think on the whole the balance of evidence is in favour of a 
continuity of asexual reproduction at a low level during the 
latent period. This view is lent strength to by the fact that 
in bird malaria, when no parasites can be seen in the blood 
during a latent period, the blood is still infective when inoculated 
into a susceptible bird, showing that at least a few asexual 
parasites must have been present, since these are the only 
ones which could have infected a new host. It has also been 
shown that during the latent period, if parasites Were fotmd 
at all, asexual reproduction was not only taking place but at 
the same rate as during the period of rise of the infectiou. 

The destruction of parasites which is going on in a latent 
infection can be very beautifully illustrated by injecting a known 
number of washed parasitized blood cells into two birds—one 
a bird with a latent infection, the other a normal bird. In the 
first case, the parasites are removed within a day whereas in 
the second they increase uninterruptedly to produce a normal 
infection. It has been shown repeatedly that such attempts 
to superinfect a bird with a latent infection will not succeed 
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whereas a bird, definitely cured, can easily be reinfected. This 
would appear to show that irmnunity is only present while the 
host still contains living parasites. This immunity to super- 
infection is sijecific and infection by a different parasite of bird 
malaria is possible during the latent period. The higldy effective 
mechanism producing this immunity during the latent period 
has been shown by experiments to be in no way associated 
with a protective antibody in the serum, i.e. it is not a humoral 
immunity. More recent work has shown that the parasiticidal 
mechanism in action at the crisis and during latency is over¬ 
whelmingly a cellular one. This is shown by a study of the 
reticailo-endothelial system of normal and latently infected 
birds when inoculated with parasitized red cells. The following 
findings are recorded:— 

1. The unit phagocytosed is the red cell-parasite com- 

binati(tn and not the rol<?ased free meiozoit. 

2. Phagocytosis commences within four hours of infection 

and is continuously present during the ac\ite 
period, reaching a peak at the crisis. 

3. There is a definite activation of the mesenchyme of the 

liv<‘r and spleen commencing within bS hours of 
infection and increasing progressively during the 
acute stage of the infection. 

4. The phagocytic cells arc the macrophages (Kupfer 

cells, splenic pulp cells, etc.). 

5. The activated condition of the mesenchyme persists 

during the latent period so that active phagocytosis 
is at all times in a(!tion. 

6. The activity of the mesenchyme lasts as long as any 

parasites remain in the host. 

The mechanism of immunity in bird malaria may there¬ 
fore be said to be due to the activity of the reticulo-endothelial 
system resulting in an actual increase in numbers of phagocytic 
cells and an increased phagocytic activity of these ceils. 

If one compares relapse in malaria with that in trypano¬ 
somiasis, then, one finds that in both reproduction is maintained 
throughout the infection at a comparatively constant rate and 
this rate is not affected by the parasiticidal mechanism which 
destroys parasites at a crisis. The return of parasites into the 
circulation, however, is due to a different cause in the two cases. 
In malaria it is due to a temporary suspension of the parasiticidal 
mechanism while in trypanosomiasis it is due to development 
of a resistant strain of trypanosomes from those which have 
survived a crisis. 


Mammalian Malaria. 

The discovery that certain species of monkey malaria are 
transmissible not only to the homologous monkey but to other 
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species has put in our hands a most convenient means of studying 
the malaria parasites of mammals. Here, however, a word 
of warning is necessary. One of these parasites, which has 
been extensively studi^, is Plasmodium l^mlesi. This occurs 
naturally in Silenus irus to which it seems to behave much in 
the manner of a non-pathogenic trypanosome to its host but 
it can be transmitted to other species of monkey. When it 
is used to infect 8. rhesus a very severe and rapidly fatal attack 
of malaria ensues and this monkey appears to have little resis¬ 
tance to it. It is obvious, therefore, that its behaviour in 
tliis monkey must not be considered as its normal habit and it 
would be unsafe to draw inferences from its behaviour in 8. 
rhesus and make them generally applicable. On the other 
hand, the 8. rhesus-P. knowlesi combination is an extremely 
useful one for study provided these considerations are kept 
in mind. 

In the case of human malaria in a hyperendemic area the 
usual course of events among the human population has been 
often described. During the first two years of life 100 per cent, 
of the children are infected and there is a spleen rate of nearly 
90 per cent. Many of the children die and all are ill at frequent 
intervals, because they are continually exposed to bites by 
infected anopheles. This state of afiairs is called ‘ acute infes¬ 
tation ’. Between the ages of 3 and 5 the spleen rate may be 
as high or higher but the parasite rate is lower and attacks of 
fever are less frequent. This marks the commencement of 
‘ immune infestation ’. Between the ages of 6 and 10 the spleen 
rate has fallen to about 70 per cent., the parasite rate is lower 
and there is less fever. This is the state of developed ‘ immime 
infestation ’. In adults the spleen rate may fall to about 10 
per cent., the parasite rate may be low, and attacks of fever 
are infrequent. It is evident from this sequence of events that 
the community as a whole acquires a relative immunity after 
about 12 years’ exposure to infection. This cannot be called 
a triumph for the immunity mechanism against malaria and this 
point will be discussed later. • 

Mechanism of Immunity in Mammalian Malaeia. 

In considering this we have, in the past, had to rely largely 
on clinical data and post-mortem findings but it is hoped that 
now monkey malaria wiU give us great additions to our know¬ 
ledge. It has been stated as the result of recent work on the 
treatment of general paralytics with malaria that individual 
susceptibility to malaria varies greatly. This may or may not 
be true but I do not consider it to be a fair inference frwn such 
data. The patimits treated are probably adults and they have 
usually bemi* subjected to riie effects of various drugs. The 
coneluaioh; ignores, also, the fact stated above that in a hyper- 
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endemic area 100 per cent, of children may be found infected. 
Attempts to demonstrate the presence of immune bodies in 
malaria cannot be said to have had much success but the actual 
sequence of events in malarial infections seems to indicate 
that these, in some form or other, must be present. Complement 
fixation tests by various techniques have been carried out using 
various antigens such as cultures of parasites, alcoholic extracts 
of infected spleen and liver, and extracts from the stomachs of 
infectea mosquitoes. It is stated that the presence of anti¬ 
bodies could be demonstrated but the results were uncertain 
and the reactions feeble. 

By some "Workers precipitin tests are stated to have given 
a specific antigen-antibody reaction. The antigens used have 
been infected placenta appropriately extracted, cultures of 
malarial parasites, etc. The curative action of sera from chronic 
malaria cases has been investigated with results said to be of 
benefit and skin reactions in malaria have been demonstrated 
by the use of extracts of malarial parasites. 

Phagocytosis. 

We have already seen the importance of phagocytosis in 
bird malaria. Is it equally important in mammalian malaria ? 
The enormous collections of pigment seen in the spleen and 
liver at post mortems on malaria cases leaves no doubt as to 
the function of the reticulo-endothelial system in clearing up 
the d6bris of malarial infection. Is it also active against the 
parasite when the latter is still a "viable and healthy organism ? 
I maintain that this has never been satisfactorily demonstrated. 
It is perfectly true that in some malarial infections there may be 
seen macrophages containing apparently unaltered parasites, 
both in red cells and free, and in some cases these may even be 
numerous. At the same time the evidence of most workers 
with much experience of the routine examination of malaria 
slides is all to the effect that such preparations are rare, and 
therefore, not to be taken as evidence of what normally happens. 
Preparations such as those mentioned above often indicate 
what is seen in moribund cases where specific immunity has 
completely broken down and only the non-specific capacity 
of macrophages to ingest foreign bodies remains. There is 
really nothing to show that the parasites ingested have not 
already been rendered unviable by some other immune mech¬ 
anism before the overwhelming of the defences of the body by 
a very virulent infection. This is a question which should now 
be easily cleared up by the study of monkey malaria and it 
would be more just^able to apply the findings to human malaria 
than to have done tlm same with the findings in bird malaria. 

That phagocytosis is an important concomitant of the 
destruction of malarial parasites goes without saying but whether 
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it is the prime agent is less certain. Some evidence to this 
effect is provided by the observation that in certain experiments 
where normal and splenectomized monkeys were compared, 
the former, on inoculation, acquired moderate infections, which 
responded readily to treatment, while the latter acquired 
rapidly fatal infections which did not respond to treatment. 
This is presumptive evidence of the essential part played in 
immunity by the reticulo-endothelial system but it does not 
prove that this part is necessarily phagocytosis ; also, a monkey 
without its spleen is no longer a monkey and cannot fairly be 
compared with one which is intact. Tt seems not unlikely 
that some antibody or some mechanism which becomes activated 
as a result of the infection may sensitize the red cell-parasite 
complex in such a way as to render it readily phagocytisable 
and this action may be brought about through the agency 
of the reticulo-endothelial system. 

In this connection, there has been some very interesting 
work done in respect of the electrical charge carried by red cells 
in bird malaria. It is well known that baciteria carry a negative 
charge and that this is reduced in the presence of a suitable 
electrolyte and immune serum, as shown by a fall in the rate 
of migration on cataphoresis. As a result of this they are 
phagoeytosed. If the reduction in charge is interfered with, 
then phagocytosis is prevented in proportion to the amount of 
this interference. Tt has similarly Ireen shown that the electric 
charge of the rod cells in bird malaria is inversely proportional 
to the parasite count. The reduction in charge is the same in 
parasitized and non-parasitized cells in the same bird and this 
reduction is an important factor in inducing phagocytosis. It 
is persistent for months after the attack of malaria. The same 
factor of reduction in the charge of red cells lias been found to 
be operative in mice infected with trypanosomes coincident 
with the appearance of antibodies in the blood as a result of the 
administration of Bayer 205. 

Now if the reduction in charge is to be taken as a direct 
indication of the degree of immunity how is one to explain 
that a bird infected with one strain of malaria and therefore 
with a lowered charge in its red cells can be infected with another 
strain ? 

In an effort to answer this question some interesting data 
were obtained. In the first place it has been demonstrated 
that the serum of immunized birds (i.e. a bird recovering from 
an attack) can reduce the electric charge of the red cells of a 
normal bird and in the second place that this action is a non¬ 
specific one, for the serum of an immunized bird can reduce the 
charge of normal mouse cells. The effect therefore cap clearly 
be put down to a non-specific property possessed by the immune 
serum. The next problem was to determine what constituent 
of the serum possessed this property. It was first shown that 
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there was a definite correlation between the cataphoretic velocity 
of the red cells and the phagocytosis-promoting effect of the 
globulin fractions of the serum. The effect was therefore tried 
of sensitizing bacit^ria by contact with the albumen, pseudo¬ 
globulin and euglobulin fractions respectively of normal horse 
serum and then submitting the bacteria suspended in normal 
saline to cataphoresis. The three fractions wore fojind all to 
have a charge-reducing effect, that of euglobulin being the 
greatest. 

The phenomenon we have been considering may now be 
summarized as follows. 

During the course of an attack of bird malaria changes 
in the electric charge of the red cells take place, the changes 
being exhibited to a like degree by parasitized and unparasitized 
cells. By the time the bird shows a good immunity response 
as evidenced by great d(‘struction of parasites the negative 
charge of the red cells has been greatly reduced but, when the 
parasites continue to increase steadily the charge is substantially 
the same as that in the cells of a normal bird. The reduction 
effect is a non-specific property of the immune serum and is 
cluefly brought about by an increase in the euglobulin fraction. 

Further work has shown that varioiis other reactions more 
or less closely connected wnth immunity, apjwar to be dependent 
on the electrical charge of the cells concerned. 8uch reactions 
are serum ha*molysis. the adhesion phenomenon, non-specific 
protein shock effects, complement fixation, precipitation, and 
agglutination. The mechanism of the resistance of mammals 
carrying a low grade infection with malarial parasites to super¬ 
infection with the same strain appears to be similar to that 
described in bird malaria and there is no time further to discuss 
the subject. It should be mentioned, however, that in the case 
of a very virulent parasite, such as P. knou^lesi, it is sometimes 
possible to produce superinfection involving death of the inocu¬ 
lated animal. This appears to be largely a matter of dosage. 

Leishmaniasis. 

I am afraid the time at my disposal will not allow me to treat 
this group of diseases with the fullness it deserves for it is one of 
the few protozoal infections which appear to confer a lasting 
immunity. Leishmaniasis takes two forms, visceral and cuta¬ 
neous. 

VisoEKAL Leishmaniasis. 

Kala-azar is a disease widely prevalent in the old world 
and it has recently been recorded from South America. Unlike 
malaria the areas of endemicity are usually pretty sharply 
marked. I need not go into the question of how it is transmitted 
because this is a question still in dispute. 
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The main pathological characteristic of kala-azar is that 
it is essentially a disease of the reticnlo-endothelial system and 
of this system only. No other cells of the body are ajSeoted. 
In making this statement I am not sure if I am correct in calling 
it a disease of the cells of the reticulo-endothelial system because 
the parasite-macrophage complex is quite different to that 
seen in diseases such as malaria where the ingested parasites 
are destroyed. In kala-azar the parasites are not destroyed 
when phagocytosed but, instead, in the process actually gain 
their natural habitat in the vertebrate host. The anomalous 
situation arises that the invader makes a habitation of the 
defences of the host. We have seen the enormous importance 
of the reticulo-endothelial system in the defence mechanism 
of the body. When this system, by increased activity and 
proliferation due to the invadii^ leishmania, thereby merely 
supplies greater facilities and room for the invader to increase 
in numbers it is not surprising that kala-azar is a veiy fatal 
disease. Is there, then, no defence mech^ism whatever 
against Leishmania donovani, the cause of kala-azar 1 The 
fact that recoveries from the disease do occur is proof that 
there is but what the actual defence mechanism is has not been 
sufi&ciently studied. There is, however, no reason to suppose 
that it differs essentially from that in other diseases. What 
I have said about the use the parasites make of the reticulo¬ 
endothelial system would appear to rule it out as a defence 
mechanism. This, however, is not entirely the case. The 
majority of the parasites are seen to inhabit the macrophages 
and they appear able to resist lysis by these cells. Whether 
they can also resist the lytic action of the polymorphonuclear 
colls is less certain. When seen in these cells they often appear 
to be in process of disintegration and it seems that the poly- 
morphonuclears are not, as are the macrophages, a suitable 
habitat for the leishmania. 

Another defence mechanism also, which we have previously 
dealt with is more markedly active in kala-azar than in any 
other known disease. We have seen that there is a probability 
that a reduction in the charge of cells is possibly an essential 
preliminary in many of the mechanisms of defence and this 
reduction in charge of the red cells is more pronounced in 
kala-azar than in any other disease investigated from this 
'point of view. This is accounted for, or at least correlated 
with, a very marked increase in-the proportion of euglobulm 
in the serum. So great is the roductioii in charge in kala-azar 
that, even with a pressure of 200 volts the red cells remain 
almost stationary. 

I have mentioned the fact that cases recovered .from a 
leishmanial affection, such as kala-azar, acquire a very prolonged, 
if not liie-logg immtmity. What is this due to since it is not 
usual in the base of protf^al diseases f » 
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Some recent work may throw light on this. It has been 
shown that recovered cases of kala-azar at a later stage sometimes 
develop a skin condition called dermal leishmanoid in which 
ieishmania are present in the skin. The condition is extremely 
difficult to treat as the parasites in this situation seem almost 
immune from the assaults of any form of therapy. Such cases 
are able to harbour the parasites for many years in the skin. 
Now the number of cases showing these lesions is comparatively 
.small, but it is more than a possibility that there are much 
larger numbers which, although they harbour parasites in the 
skin, show no appreciable lesions. It is not impossible that after 
recovery from the clinical diseases the vast majority of cases 
continue to harbour parasites in small numbers in the skin and 
that the continued ])resen(!e of these keeps alive a defence mech¬ 
anism which will remain operative as long as any parasites 
remain. The fact that some cases show an actual skin disease 
does not mean that this is a necessary concomitant of the 
infestation of the skin; they are probably only the exceptions. 
In this connection, it has been demonstrated that infected 
hamsters contain large numbers of parasites in the skin yet 
the latter is normal in appearance. Similarly in canine leish¬ 
maniasis parasites can always be demonstrated in the skin, 
even when this appears normal. 

Much more might be said on kala-azar but it would be at 
the expense of some other conditions which I should mention 
■and I must pass on to 

Debmal Leishmaniasis (Oeibntal Soee). 

Much that has been said of kala-azar applies to dermal 
leishmaniasis, the chief difference being that the latter is supposed 
to be a purely local condition. That it is not always so there 
is evidence to show but there is no time to go into this question. 
Here, as in kala-azar, a life-long immunity seems to follow 
cure. The parasites of kala-azar and of oriental sore are 
practically indistinguishable morphologically and it is curious 
that their effects and their response to the immune mechanisms 
of the body should be so different. Why one should give rise 
to a generalized and fatal infection while the other should remain 
a localized infection is quite obscure and I am afraid I must- 
leave the problem there, but it is one well worth investigation. 

PlEOPLASMOSIS. 

The group of parasites giving rise to the diseases which may 
be grouped under this general term comes under the suborder 
Pirophmidea containing the families Babesiidae and TheiU 
•eriidae, < 
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These diseases are of enormous importance to stock affecting, 
as they do, cattle, horses, dogs, etc., and causing great pecuniary 
losses in most parts of the world. The general course of events 
in infections with Babesia is for parasites to appear in the blood 
after a short incubation period. These increase rapidly until 
a very heavy infection is present. The disease may now kill 
the animal or it may recover clinically and the parasites may 
become so few as not to be demonstrable microscopically. 
The blood, however, remains infective and, if enough is inocu¬ 
lated into a susceptible animal, will reproduce the disease. 
This means that a minimum number of parasites is still in the 
circulation and is analogous to the case of birds in the latent 
stage of bird malaria. The same effect can be produced by 
partial cure of the animals by the use of drugs such as trypan 
blue. This principle has been widely applied as a practical 
measure in the safeguarding of domesticated animals in Africa 
against diseases due to both the Piroplasrnidea and the Trypa¬ 
nosomes. The animals are infected with the strain of parasite 
in question, preferably with a strain in its latent stage, and are 
subsequently treated with a specific drug. This prevents 
a fatal termination of the infection but leaves the animal with 
a latent low grade infection which prevents subsequent super¬ 
infection. 

Animals so rendered immune, either naturally or by drugs, 
are immune only to the strain originally causing the infection 
for they can be infected with strains of the same species from 
other localities. Thus a latent infection of B. canis in France 
will not protect a dog from the North African strain of the 
same species. 

The immunity is not complete in all cases and it has been 
stated that in some cases a superinfection with the same strain 
may be imposed on the original infection. The superinfection, 
however, is said not to be accompanied by the clinical signs of 
the original disease. It seems to me that it would be difficult 
in such an experiment to exclude the possibility that the ap¬ 
pearance of parasites may have been due to a recrudescence 
of the original infection. 

In the case of animals which have suffered and recovered 
from an attaek of Theileria parva which causes East Coast 
fever it is found that they are immune for life. That this may 
be due to the persistence of a very low grade infection is not 
an impossibility. 

The mechanism of immunity in the piroplasmoses has 
probably been studied less than in some of the other protozoa 
which we have considered but there is no reason to suppose 
that it is any different. The extraordinarily rapid disappearance 
of parasites in an infection o4 B. canis at a crisis is quite dramatic 
and seems to be too sudden to be caused by phagocytic action 
alone although this probably plays an important role in removing 
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the debris. As the disappearance of the parasites is accompanied 
by the disintegration of the red cells which contain them the 
sudden development of anaemia is easily explained. It is at 
this stage of the infection that the defensive mechanism is 
often overwhelmed and the dog dies. This fact could, of course, 
be differently interpreted as showing that the defensive mech¬ 
anism was too powerful and by causing the simultaneous des¬ 
truction of the innumerable parasites with their containing 
red cells brought about the death of the animals from anaemia 
or an acute toxaemia. The immunity in recovered dogs is 
certainly due to the ])er8istence of a low grade infection but 
whether a dog which had completely recovered could be rein¬ 
fected with the same strain is not certain, although this is stated 
to be the case. 

Before 1 conclude my remarks on the various mechanisms 
of immunity I must mention one line of research which is 
yielding results of interest in bacteriology and may later be 
applicable to the study of protozoal immunity also. I refer 
to work on the specific carbohydrates of bacteria. 1 have no 
time to go into this question but the literature on the subject 
might repay your perusal. 


Discussion. 

In reviewing the account I have given of the various factors 
concerned in immunity against protozoal diseases I wish to 
sound one note of warning. In all the phenomena we have 
been deaung with we are concerned wit h biological interactions 
only a part of the causes of whudi arc within our ken and under 
our control. In other words we are attempting to solve equations 
where many of the factors are unknown. In mathematics 
such an equation would be put down as insoluble and so we 
must not be surprised if things do not always work out according 
to theories based on incomplete data. In a consideration, 
however, of the phenomena which we have been studying two 
or three things seem to me to stand out as fairly evident. 

One of these is the fact that the mechanisms at work are 
very similar to, if not identical with, those which are operative 
in immunity against bacterial diseases. This is evident when 
We consider the predominant role played in the mechanisms of 
immunity by the reticulo-endothelial system, using the word 
in its widest sense and taking into account both its direct and 
indirect effects, sinoe it seems likely that it plays its part in 
all the defence mechanisms of the host except the purely 
mechanical barriers such as the skin. The fact that the same 
cells of the reticulo-endothelial system are involved in immune 
reactions no matter whether the invader is protozoan or bacte¬ 
rium or, in fact, any other foreign body, lends strength to the 
view that the defence mechanisms of the body are a unified 
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protective complex capable of reacting against any invader 
and that there is no necessity to postulate special defence mech¬ 
anisms for bacteria, protozoa, or other foreign substance whatever. 
If there are any dijfferences they appear to be only differences 
in degree. 

.Mother point which stands out in this retrospect of work 
on immunity leads one along a fascinating bypath back into 
the remote past. In the account I have given I have mentioned, 
although I had not the time greatly to stress the point that the 
immunity against protozoal species is extraordinarily specific 
and this specificity is attached even to strains within a species. 
This is especially apparent in the case of protozoa as compared 
with bacteria send viruses because, although the latter may 
sometimes contain disease-producing species which contain 
t 3 rpes or strains each of which confers little or no immimity 
against its co-t 3 rpes, this is the rule with the protozoa. Thus 
one attack of enteric fever or of small-pox or yellow fever usually 
confers life-long immunity from all strains of the organisms 
which are the causes of these diseases but an attack of most 
protozoal diseases does not appear to do so. If we take the case 
of malaria we find the immunity conferred by one strain of a 
particular species is so specific that, while it protects against 
superinfection by the identical strain it will not prevent super- 
infection by another strain of the same species. In other words, 
a man getting B.T. malaria in Bombay may develop immunity 
to his particular strain but gets a severe attack of B.T. malaria 
when he visits Africa or even places much nearer. Now it would 
seem, on the face of it, that this sort of immunity was very 
little use to man, who habitually moves about, has done so for 
remote ages past and is likely to do so more and more in the 
future. What then is the explanation of the development 
of an immunity so specific as to be comparatively useless to 
the individual ? On thinking over this problem it seems to me 
that one has to go a long way back into prehistory even to the 
remote past of the time when the prehuman creature which 
was to become man roamed his jungles in much the same Way 
as some of the anthropoid apes now do. The gorilla appears 
to go about in family groups or at least comparatively small 
parties which have little or no communication with other groups. 
Troops of monkeys in the jungle have much the same habit. 
They keep to their amx locality and there is little or no inter¬ 
communication between troops. Under such circumstances, 
it is probable that only one strain of a malarial species or 
at least. a very limited number will be present in any one 
group. The members of this group will develop an immunity 
to tlmt strain so that in time host and parasite wiU aoommnodate 
themsel'i^ to another.. This is the oemdition seen for 
instance in the (»ie of 8, irua and its parasite P. knowkai. The 
its uifection w^tlmut inoonveni^ce and the 
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parasite does not kill its host. If, however, one inoculates 
P. knowlesi into another monkey such as S. rhesus, which has 
no immunity to it, the result is disastrous both to host and 
parasite. The latter rapidly kills its host and thereby commits 
suicide. In course of time when, from family life, man developed 
community life and migrations took place, the immunity dev¬ 
eloped against single strains of malaria would be unable to cope 
with a multitude of new strains and so the development of 
immunity would become more difficult and less complete. This 
would bring us by degrees to the conditions prevalent in hyper¬ 
endemic areas in the tropics where it takes a child four years 
to develop any sort of efficient immunity even to the strains 
in its own locality. To carry this conception to its logical 
conclusion one may say that disease, if by this we mean a 
departure from immediate normality, is inevitable in nature 
because change is inevitable. There is no static condition 
in the universe so that complete and final adjustment to one’s 
surroundings is never possible. A change in one cell of an 
organism must, on account of its interconnections with its 
environments, inevitably cause a ripple which will reach the 
confines of the universe, since no minutest particle of the latter 
is isolated but necessarily has its contacts. 

It is needless for me to elaborate this thesis further as the 
meaning is sufficiently clear ; but it would appear that in casting 
off his old mode of life man, in his quest for the higher life, 
sacrificed certain advantages. 

A third point which has emerged from our survey is the 
question as to why immunity lasts, in some cases for years 
or the whole life, after all clinical signs of disease are gone and 
parasites can no longer be demonstrated. In the cases we have 
especially considered, viz. trypanosomiasis, leishmaniasis, ma¬ 
laria, and piroplasmosis, the balance of evidence seems to me 
to be in favour of the hypothesis that immunity persists so long 
as there is a residual infection and that with the final disappearance 
of this there is a return of susceptibility to reinfection. In some 
cases, such as certain kinds of trypanosomiasis and piroplas¬ 
mosis, we know that reinfection can occur. In malaria the same 
holds. In kala-azar, where a second attack is almost unknown, 
we have seen that a skin infection may persist for many years 
and this may keep the immunity at a level sufficient to prevent 
superinfection, oriental sore this might appear less probable 
but the extent to which this is always a purely local condition 
is uncertain and cases are sometimes seen which seem to exhibit 
an infection carried to different parts of the skin by the blood 
and therefore, presumably, to otW parts of the body. 

The same phenomenon, of persistence of the infective 
agent, leading to immunity is seen in syphilis and in various 
virus diseases also and it is not impossible that* it is one of the 
usual natural methods, of maintaining an effective immunity. 
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Section of Medical and Veterinary Research. 
Abstracts. 

NUTRITION. 

1. Distribution of vitamin C in different parts of common 

Indian foodstuffs. 

M. N. Rubra, Patna. 

Bacharach et al (Biochem. J., 28, 1038) as a result of the examination 
of oranges, tangerines, and lemons found that vitamin C was present in 
gradually diminishing amounts as one passes from the skin inward. A 
systematic investigation of a large number of foodstuffs including fruits, 
vegetables, and animal and marine foods was undertaken in this laboratory. 
The method employed was the well-known dichlorophenol indophenol 
titration suitably modified from the existing methods. It has been found 
that generally vitamin C is most abundant in skin and gradually dim¬ 
inishes as one goes inwards, thus confirming Bacharach’s findings. There 
have been very few exceptions to this rule. Some of the findings are 
given below (vitamin C contents in mg. per g. of the foodstuff). 

Fatal (Mwnordfca diorca) .. Skin—0-44 ; fiesh—0'25; seeds—0-1; 

leaves—0‘29. 

Ninua {Luffa cegyptica) .. Skin—0*20 ; flesh—0*04. 

Kumta {Cucurb^ mcanma) .. Skin—0*098; flesh—0*06; seeds—0*036; 

leaves—0*11. 

Plantain (Musa) .. .. Skin—0*092; flesh—0*099. 

Banana {Mum eaptetUum) .. Skin—0*062; flesh—0*062. 

Pear (Pyrus communis) .. Skin—0*072; flesh—0*016. 

Animal foods gave the following results :— 

Goat’s flesh—0*066; liver—0*26; kidney—0*176; heart—0*077; 

bone-marrow—0*0888. 

2. Vitamin Bj-deficiency in relation to cataract, aneemia, and 

depilation. 

N. Das, K. Sen, and B. C. Guha, Calcutta. 

A study has been carried out with young rats subsisting on a vitamin 
Bs-defioient diet to investigate the ^etary factors concerned in the 
production of oatarsot, ansemia, and depilation. Lactoflavine has been 
found to have a definite hiemopoietic effect. The production of depilation 
has not been regular and cataract has not been observed in this batch 
of animals. 

3. Comparative studies on the nutritive values of the cow’s, 

goat’s, buffalo’s, and human milk. 

N. Das and B. C. Guha, Calcutta. 

Using young rats aa tiie experimental subjects the growth-promoting 
effects of the dinerent varietieB of milk, as the sole sources of food, have 
been measured. The vitamin values of the different varieties of milk 
have also been determined. 
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PHYSIOLOGY. 

4. Influence of sodium chloride on the viscosity of serum 

proteins. 

R. N. Chopra and S. N. Mukheejee, Calcutta. 

ViBcoBity of blood sera in presence of different concentrations of 
sodium chloride has been determined. The lowering observed with 
increasing concentration of the salt is very significant since a change in 
viscosity has a very great influence on the hydrostatic pressure of the 
circulation, in consequence of which the rates of transudation and ex¬ 
udation of tissue fluids are disturbed. From this an additional clue 
may be obtained as to why salt-free diets are prescribed in oases of oedema. 

5. Physical properties of the blood plasma and the electrical 

charge of red blood cells after injection of cobra venom 
and Russel’s viper venom in Monkeys. 

R. N. Chopra, S. N. Mukherjee, and J. S. Chowhan, 

Calcutta. 

Both surface tension and viscosity of plasma undergo changes when 
injections of cobra venom or Russel’s viper venom are given to monkeys. 
Surface tension decreases while viscosity is found to increase. With 
small doses of cobra venom the effect becomes marked in two hours’ 
time while the plasma practically regains its normal condition in twenty- 
four hours’ time. With large doses, liowever, the normal condition is not 
reached even in course of twenty-four hours. With viper venom, on the 
other hand, action in two hours is not at all marked but that after twenty- 
four hours become prominent. The action of viper venom on the plasma, 
however, appears to be slower. Both these venoms are practically without 
action on the reaction or the buffer action of the plasma. 

So far as the red cells are concerned their electric charge seems to 
be diminished by administration of cobra venom. This diminution runs 
continuous emd there is no indication of recovery even after twenty- 
four hours. The action of Russel’s viper venom seems to be different 
since a slight tendency towards increase of charge was observed. 

6. Observations on sugar-content of normal urine and blood, 

K. N. Bagohi and M. N. Rtjdra, Patna. 

An attempt has been made to find out if there is any relation between 
the normal urine-sugar and normal blood-sugar. The method adopted 
for the estimation of normal urinary sugar was that of Kingsbury (J. 
Biol. Ckem., 76, 241) as modified by one of the authors (M. N. R.— Pat. 
Jour. Med., 1936, 29). The blood sugar was determined by the Hagedom 
and Jensen method. The subjects chosen for the experiments consisted 
of all classes of people. The samples of blood and tuine were collected 
about two hours after midday meal. All the experiments were performed 
in duplicate. The following results were obtained (in milligrammes per 
100 c.c. of urine and blood): Average sugar-content 6f normal urine 
and blood of all the cases of our series— 84 and 103; among the 
Bengalees— 88 and 103; among the Biharis— 93 and 118; among the 
Oriyas— 89 and 124, According to religion: Hindus— 91 and 113; non- 
Hindus— 88 and 103. According to diet: vegetarians— 94 and 124 ; non¬ 
vegetarians— 90 and 109 respectively. The maximum sugar-content of 
normal urine and blood was found to be 110 mg. and 142 mg. and the 
minunum Sfi mg. and 88 mg. respectively. From our own observations 
and from those of other investigators in Europe and America it is found 
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that the sugar-content of normal urine is always lower than that of 
normal blood. By plotting tho average sugar-content of normal urine 
and blood against average age we get two curves which run almost 
parallel. 


7. Studies on the dimensions of erythrocytes of man. 
Hemendranath Chatterjeb, Calcutta. 

The modem classification of anaemias is based upon the variations 
in tho size, tho number and tho volume of the red blood cells and tho 
various indices derived from them. 

One of the main criteria by which it is customary to divide ansemias 
into distinct groups is the diameter of the red corpuscle. 

The different methods of measurement of llio diameter of the rod cell 
are discussed and it is shown how different specimens of moist and dry film 
preparations made from the identical puncture, give remarkably different 
readings, by each of the two well-known methods, viz. measurement of the 
diameter by tho camera lucida and by the lialometer. 

The fallacies and the difficulties of tho above methods arf> discussed 
and the results compared with those obtained by the volumetric method. 

Stress is laid upon the estimation of tho thickness of the red cell 
along with the diameter and the total volume of each individual corpuscle 
rather than the diameter alone. 


8. A preliminary note on measurements of blood pressure. 

J. C. Gupta and P. C. Mahalanobis, Calcutta. 

Measurements of blood pressure (systolic and diastolic) were taken 
with an aneroid manometer for over 800 male subjects (mainly Bengali) 
of various ages from about 7 years to about 03 years. Records were 
taken of the religion, caste, occupation, height, weiglit. and pulse rate 
of the subjects, and notes were kept of the diet and also of abnormal 
physical conditions or serious illness. The present paper gives a summary 
of the results by ages and castes and also the correlations between different 
factors of variation. 


SEROLOGY. 

9. Influence of antibody formation on the pseudoglobulin 
fraction of normal sonim. 

M. M. Biswas, Calcutta. 

Potentiometric titrations of diphtheria antitoxic sei uin, pseudo¬ 
globulin of normal serum, and egg-albumin have been made with varying 
concentrations of different acids and the titration curves drawn. The 
influence of antibody formation on the protein cheu-acter of pseudo- 
gloWlin hae been discussed from a comparative stxidy of the curves, 
llie titration curve of egg-albumin has be^ referred to as a standard of 
comparison. The object of such a study consists in finding out if any 
li gh t can be thrown on the controversial problem of the actual determinant 
groups of an antibody by physico-chemical means. 
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10. The nature of the allergic reaction in tuberculosis. 

M. B. SopAEKAB, Bombay. 

It is a striking fact that tuberculin, which is relatively innocuous 
for normal animals, is highly toxic, even in minute doses, for tuberculous 
animals, in which it produces a characteristic reaction. 

Several hypotheses have been advanced to explain the phenomenon 
but, in spite of extensive investigations on the subject, the mechanism 
has not been satisfactorily explained. 

Certain experiments carried out to study the nature of the reaction 
have shown that when an extract obtained from the healthy skin of a 
tuberculous animal is mixed in vitro with old tuberculin and the mixture 
injected intradormally into a normal animal it produces a typical reaction 
resembling the usual tuberculin reaction obtained in an infected animal. 
A time factor was also observed in the interaction of the skin extract 
and tuberculin. Neither ‘tuberculin itself nor the extract of the skin 
alone injected in the same animal produced any reaction. 

The blood serum of a tuberculous animal when similarly mixed with 
tuberculin in vitro failed to produce any reaction, indicating that the 
causative agent of the reaction, whatever it be, is not present in the serum. 
Similarly a mixture of tuberculin with an extract made from the skin 
of a healthy animal likewise failed to give a reaction. 

These experiments were carried out in bullocks and buffaloes in which 
the skin reactions are more definite and pronounced—especially so in the 
buffalo—th^n is usually the case with guinea-pigs which are generally 
employed in these experiments. 

These results would seem to afford experimental support to the 
hypothesis based on the work of Maurice Nicolle and of Wolff-Eisner 
that there is present in the highly sensitized skin cells of the tuberculous 
animal a lytic product which, when brought in contact with tuberculin, 
produces a toxic substance which determines the local inflammatory 
reaction, 


PATHOLOGY AND BACTERIOLOGY. 

11. The respiratory mechanisms of Staphylococcus albus 

and Btaphylococcua aureus. 

N. Das and B. 0. Guha, Calcutta. 

The difference in pigmentation between Staph. aUhvs and Staph. 
oureue led us to investigate the influence, if any, of the flavines on the 
respiration of the bacteria as measured with a Warburg micro-respiro- 
meW. Flavines have been found to have no effect on the respiration 
and the existence of a cyanide-stable respiratory system, which accounts 
for a fraction of the respiration, has been demonstrated. The period 
of cultivation of the bacteria has been foimd to affect the proportion of 
this cyanide-stable respiration to the total respiration. 

12. An enquiry into the origin of non-pulmonary tuberculosis. 

S. Ramakkbhnan and K. 8, Sanjtvi, Madras. 

The present position regarding bovine infection in India is sum¬ 
marized. 234 spec^eiu liave be(m exattmed from suspected extra- 
pulmonary oases mieroscopioadly and by animal inoculation. 

In one case the infe^on was probably bovine; in another it was 
doubled. Bight strains were definitely human in type, 

Four S pmmeiaa ri^wsd sM-fast bacilli non-pathogenic to the guinea- 
p^. La <^t de^^ ^Ubat|>¥dous cases, the material examined was 
nsfat^ both^ on a^DEU^ and 
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Admittedly the cases reported are few; yet they seem to emphasize 
the necessity for conducting such an investigation. 

13. An easy method of transplanting tubercle bacilli directly 
from solid to liquid culture media. 

M. B. SoPAEKA-E, Bombay. 

The growth of tubercle bacilli on liquid media occurs only on the 
surface and the seed used for inoculating the media must, therefore, 
remain floating; if it is submerged no growth will occur. Successful 
surface transplantation is comparatively easily accomplished from one 
broth culture to another; and in the case of the human type of the bacillus, 
even from solid media, by depositing a few dry scaly fragments of growth 
on the surface of the broth. This however is difficult with moist growth 
such as of the bovine tubercle bacillus or the* slimy growth of the avian 
bacillus. An easy method has been developed by which any culture, whether 
dry, moist or slimy can be transpl£mted directly from solid media on to the 
surface of fluid media on which growth begins to appear and spread. The 
method has been in use for some years and has b^n found highly satis¬ 
factory in obtaining a large number of broth cultures of tubercle bacilli 
of all types and of other surface-growing organisms at any time directly 
from solid media. 


14. The role of malaria in the causation of cirrhosis of the 
liver—an investigation. 

T. S. Tirtjmtjeti and M. V. Radhakeishna Rao, 
Vizagapatam. 

In a paper read in the Medical emd Veterinary section of the 
Indian Science Congress last year we pointed out (vide Jour. Indian 
Medl. AF!>oaiadiQn, April, 1935) that the co-incidence of malaria and 
cirrhosis of the liver in India has given rise to differences of opinion 
regarding the rdle of the former in the caxisation of the latter. A critical 
investigation of the morbid histological changes in chronic malarial 
livers, by the application of different staining methods, including the 
silver impregnation of the reticulum, has confirmed our previous experience 
that malaria per «e is not a direct cause of cirrhosis of the liver. 


15. Pneumonia in foals due to Corynebaderium cqui. 

V. R. Rajagopalan, Muktesar. 

A particular form of pneumonia is known to occur with some fre¬ 
quency in certain breeding studs in the Punjab, and the etiology of this 
condition, which was thought to be identical with that described by Mag* 
nusson in Sweden, has been under investigation for some time. 

The infection is generally confined to foals about one to two months 
old and, ocoasionally, symptoms of joint-ill may be seen in addition to 
those of pneumonia. The mortality is high. Foaf-moriem examination 
reveals large abscess cavities in the lungs and the mediastinal glands. 

Oori/rubacterium egui, which appears to be the causal agent, can be 
recovered in nearl; evory case in pure culture from the abscesses in the 
lung^ and mediastinal gmds, as well as from the feaoes, sometunes from 
the heart-blood and, rarely, from the joint fluid of naturally as well as 
artiflicially mfeoted oases. The cultural and biochemical characters 
of this organism are described. 
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It has been possible to reproduce the typical symptoms of the disease 
by an intranasal douche of a saline suspension of the organism. Age, 
as in natural incidence, appears to be the chief factor in the artificial 
reproduction of the dise^. 

16. Is cholera kidney a form of nephrosis ? 

D. N. Banebjee, Calcutta. 

The nephrologists Munk (1918) and Elwyn (1926) are definitely 
of opinion that cholera kidney is a form of nephrosis. Further, workers 
on tropical diseases throughout the world—Rogers (1921, 1922), Mac- 
Cullum (1932), Eirause (1924), Fuji (1928), Ishihara (1912), and others 
although they have not definitely used the word ‘ nephrosis ’ show from 
their description of the renal conation in cholera that they actually moan 
what is generally called by the term nephrosis. 

A comparison of the pathological, biochemical, and clinical features 
found in nephrosis with those fotmd in cholera, definitely indicates that 
cholera presents gross features wluch are quite distinct from those of 
nephrosis, particularly in the following aspects: histological changes 
in the glomeruli, retention of nitrogenous waste products, course, oedema, 
and uremia. 

17. The proteus group. 

S. R. Paiidit, Madras. 

An examination has been made of the cultural, biochemical, and 
serological reactions of 26 proteus strains, most of which were isolated 
from faeces and urine and including X 19 and Kingsbury strains obtained 
from other laboratories. Six agglutinating rabbit sera have been prepared 
and the strains tested against them in straight agglutinations with H and 
O suspensions and with homologous suspensions after carrying out 
absorption tests with the different strains. All the strains gave ‘ swarm¬ 
ing ’. The importance of maltose fermentation as a basis for classification 
has been confirmed. Eight strains, inclusive of X 19 strains, which 
ferment maltose, also produce indol, do not liquefy serum, and with 
two exceptions, ferment saccharose and salicin readily. Seven strains 
do not agglutinate with any of the sera or agglutinate to a negligible 
titre. There is no correlation between fermentation and serological 
reactions. By agglutination and absorption of H and O agglutinins, 
six strains, including X 19 strains, fall into one serologicAl group, four 
others into a second and the two Kingsbuiy strains into a third group. 
While the O antigen is more specific there is a greater community of H 
antigen. X 19 and Kingsbury strains have been compared. 


PHARMACOLOGY AND THERAPEUTICS. 

18. Treatment and prophylaxis of cholera in the .settlement 
of Karaikal. 

J. Le. Rotjzeb, Indore. 

The Settlement of Karaikal, situated on the Coromandel Coast 
to the east of Tanjore, has the same epidemic variations as the Madras 
Presidenoy. The outburst during the winter 1934-35 attacked 175 
oases of which 77 died, thus showing 44% of deaths. 

Treofment :—One part of the patients was treated by orthodox 
methods i adrenaline, cardiac tonics, hyportonio ssliius, kaolin * per os’: 
57 cases, 21 deaths, mortidity 36’8%. 
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Another part had the same treatment in addition to bacteriophage 
of Pasteur Institute of Shillong : 89 cases, 27 deaths, mortality 30*3 %. 

29 cases were moribund and died before receiving treatment. 

Prophylaxis ;—While the epidemic was proceeding rapidly a portion 
of the population was vaccinated. 

7,328 persons were vaccinated at one time by the anti cholera vaccine 
of Guindy Institute, Madras, without any notable incident. 

Among the vaccinated, 3 had cholera two or four days later, but 
in one exceptional case it appeared 18 days after the vaccination. This 
was fatal. 

In short, excellent results with anti-cholera vaccine of Oxiindy, Madras, 
and with bacteriophage of Shillong were obtained. 

19. Sodium lactate in the prevention and treatment of cholera 
acidosis. 

D. N. Banerjeb and S. K. Datta, Calcutta. 

That acidosis occurs in almost every ceiae of cholera, becoming 
severe in many coses, is admitted on all hands. Sodium bicarbonate 
has been in use since the time of Sellards for the purpose of prevention and 
treatment of acidosis in cholera. Although sodium bicarbonate servtss 
the purpose l>est, it has its disadvantages, which are mainly as follows: 
sudden increase in the numerator of the bicarbonate-carbonic acid 
ratio in blood; the fact that it can be given only by the intravenous route 
which is not often pfissible in the ease of children, and the fact that it 
changes into carbonate on boiling for sterilization, etc. 

On the other hand, sodium lactate has been found to act in a similar 
way on account of its property of Ijemg completely metabolized in 2 
hours with conversion of the lactate ion into glucose, by liberating sodium 
ion practically quantitatively which combines with excess of carbonic 
acid to form a rapid supply of bicarbonates, by l>eing stable can bo kept 
over long periods and can be sterilizfud easily by boiling, and by its being 
non-irritating for subcutaneous injections. 

With '..hese points in view we have been using sodium lactate for 
the last three years with gratifsdng restilts. The COo-combining power 
of plasma shows considerable improvement in all cases after injection 
of molar solution of sodium r-loctate. 


20. Action of cobra venom on tissue cells in vitro. 

R. N. Chopba and N. N. Das, Calcutta. 

While working on the growth of tissue cells in vitro, we tried to observe 
the action of different substances on their growth. Cobra venom in 
dilutions of l/IOOO Stopped the growth of these cells, and fatty degenera¬ 
tion took place after &st passage. The choroid coat of the retina from 
chick embryo was mostly used as an explant. This tissue grows vigor¬ 
ously in the chick plasma and chick embryo extract as media. Different 
dilutions of the venom were tried on the expljants and it was observed 
that the dilution of 1 in 600,000 produced a marked acceleration in growth. 
About sixty different explants were tried md as many as 76 per cent, 
responded with this effect. 

21. Hsemorriiagic action of snake venoms on the capillaries 

of chick embryo. 

R. N. Chopra, J. S. Chowhan, and N. N. Das, Calcutta. 

Persons bitten by vipers and particularly Echia carinata {Phoorsa) 
sometimes get severe hsemorrhages from the site of the bite, nose, gums, 
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mouth, eyes, skin and sometimes in the interstitial spaces. The Echis 
venom is said to be eig^t times as luemorrhagic as the Dal^ia venom (Vipera 
niaaeUU). This action ww studied on the embryonic blood vessels of the 
chicken. ^ 

Freshly laid hens’ eggs were incubated till the embryonic blood 
vessels were well developed. When the fine blood vessels and capillaries are 
exposed and focussed to a magnification of 60 diameters the oimulation 
of blood in the vessels is clearly seen. A few drops of the Echis venom 
in different concentration dissolved in normal saline, were added to a 
series of eggs thus prepared and the results noted. Within 1-2 minutes 
the blood vessels were found to develop irregular knob-like dilatations 
in their channels. After 6-10 minutes the vessels went on dilating and 
were finally ruptured. Photomicrographs of blood vessels were taken 
before and after the addition of the venom. Bussell’s viper venom 
showed action similar to the Echis venom but it was less powerful. It 
may be possible to make quantitative estimation of the hiemorrhagin 
contents of snake venoms by this method. 

22. Pharmacological action of camphor derivatives and their 

uses as a cardiac stimulant. 

R. N. Chopba, J. S. Chowhan, and N. De, Calcutta. 

Camphor has been widely reputed as a circulatory stimulant, but 
recently there has arisen a diversity of opinion regarding its toxicity and 
therapeutic efficiency. It has actually been reported as a depressant by 
some and as a stimulant by others. Pharmacological action of a series of 
water soluble sodium salts of isonitroso camphors was studied on the 
heart and circulation of cats and frogs. A one per cent, solution in saline 
of these compounds produced a rapid and transitory fall of blood pressure 
in case of d isomer and less so with I and 1. In isolated kitten’s heart, 
perfused with 1 in 60,000 to 1 in 1,000,000 the frequency was decreased but 
the tone was increased. This stimulation was more marked with the 
d compound less with dl and nil with 1. The coronary flow was'reduced. 
In perfused frog’s heart delayed but mild stimuleuit action was observed 
with d compounds. Intrahepatio injections in frogs produced appreciable 
stimulant action followed later by periodic heart block which was more 
marked with this d isomer. Myooai^ographio records showed no chan^ 
with ordinary doses but larger doses produced dilatation and irregularity 
in rhythm. 

23. Some inorganio preparations of indigenous medicine, 

Samvdra phena and Raupya bhaama. 

S. Ghosh, J. C. Gupta, and A. T. Dutt, Calcutta. 

Samudira phena .—^This substance is believed to be derived from the 
sea foams (wh^ce its name) but it is really the scale or bone of a sea-fish 
and is collected from the sea coasts. A well-known Ayurvedic physician 
recommended its internal use as a good source of organic calcium and 
sent it to us for complete analysis. The dose is from 6 to 16 grains. Tl» 
substance was found as an oval-shaped, hand, porous, friable white mass. 
On quantitati've analysis, it was found to contain lime (OaO) 49*72%, 
carbon dioxide 38-66%, and smaifi quanthies of chlorides, iron, alumina, 
phosphates, silica, and ^trogenous matter. The calcium was present 
chiefly combined with C% as caldum carbonate and only a small portion 
of the calcium vms found in organic combination. 

Baiupya lhama,--*W» sub^anoe is used in the Ayurvedic medicine 
and ui h^ved to be a coc^flng tonic remedy haviim qiedal soothing 
addon oh ine nervomi ead lUuoous surfaces. It is often used in 

ooiid>u)W^<^ other xhetalUo preparations rach as tin, iron or gold. 
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It has been used with success in cases of neuritis and neuralgia. It is 
prepared by calcining silver with mercury and sulphur. The dose is 
from 1 to 3 grains. The material supplied wa^ greyish-black amorphous 
powder with a slightly metallic taste. It was subjected to complete 
qualitative and quantitative analysis and found to contain about 69*5% 
of silver, 16’2% of sulphur, 10'1% of iron and alumina together with 
some copper, lime, phosphate, moisture and traces of other constituents. 

The effects produced by these substances on the human organism 
are imder investigation. 


PUBLIC HEALTH AND GENERAL. 

24. The composting of habitation wastes—experiences of a 
year’s working of an installation on the Indore system 
at Secunderabad. 

A. E. Campbell, Secunderabad. 

The origin and development of the work are outlined and the topo¬ 
graphical, administrative, and sanitary conditions affecting its establish¬ 
ment described. 

The progress of the experiment is described from its inception and 
mention is made of the various problerus encountered which included 
those of an engineering, labour, and sanitary nature. 

The process of charging the trenches and turning the compost are 
next dealt with and the various experimental modifications which were 
tried out are mentioned. 

The sanitary aspects of the developmental stages are described. 
Special reference is made to the presence and progress of fly-breeding 
which is of special local sanitary importance and also to the production 
of offensive odours during certain stages of the process. 

The present working of the process is next dealt with in the installation 
as finally completed and using the method of working found to be most 
suitable. Particulars are given regarding the supply of night soil and 
rubbish, the’ population served, results of analysis of samples of compost 
produced, and sales to the public. 

In drawing conclusions it is pointed out that this paper is written 
primarily from a sanitary point of view and treats considerations of 
economy and the production of a useful manure as secondary, although 
also of great importance. 

It is concluded that the process is one which recommends itself 
for local adoption and extension, provided it be accepted that at times 
temporary cessation may be necessary. 


26, Utility of antiseptics and coagulants in composting 
habitation wastes. 

M. A. Nicholson and S. C. Chakbabaety, Indore. 

The Indore process of disposal of habitation wastes by composting 
permits of the hatching of some fly larvae on the cooler surfaces of heaps 
freshly charged and sometimes alter the first turn, though never after 
the second. Such larvae cannot become flies if the prescribed turns 
are given. 

In an attempt to guard against the escape of larvae from the hea,p8 
and to cover depafftures from the process routine several antiseptics 
and coagulants were tested 
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A 1 % solution of copper sulphate spray controlled larvae well in dry 
weather and partially in wet, provided that the process technique was 
followed. Otherwise, there was no effect. Hence the only benefit 
to be derived from this refinement lies in fewer chance escapes of larvae 
to shelter in wall crevices in improvised installations, but usually birds 
are fotmd to deal with s^ich escapes. 

26. The experiences of Alwar city in the working of the 

Indore process for the disposal of habitation wastes 
by composting. 

CHIBON.JILAL Naoar, Indore. 

The Indore process was adopted in October, 1934, by the Alwar 
Municipality to serve an area with a population of 17,000. No difficulty 
was found in working, and it will become profitable when the whole 
of the manure is sold at a price of more than annas 7 a ton. The compost 
was favourably reported on by users and no difficulty is anticipated in 
selling the full output when cultivators become aware of its cheapness 
and efficacy. 

Details of the costs, quantities, labour, design of the installation, 
manurial value and sales are given. 

27. The treatment of enlargement of the prostate by a novel 

method. 

J. E. Roberts. 

That tho enucleation of the prostate is a formidable operation for 
an old man, and is only done in selected cases leaving large numbers 
to drag on to a miserable death. 

The advocacy of the method of injection of a fibrosing or resolving 
fluid into the substance of the prostate. 

Description of the technique and solutions used. 

The use in cases of ‘ Prostatic bar * ; mention of cases of atonic 
bladders. 

Treatment of cases of posterior urethritis by injection of the prostate. 

Its employment in cases of infective ovaritis. 


PARASITOLOGY. 

28. Atmospheric temperature and humidity with reference 
to transmission of malaria by Anophdes stephensi. 

R. Knowles and B. C. Bastj, Calcutta. 

During the last four years the Malaria Transmission Enquiry under 
the Indian Research Fund Association has been working to determine 
for the different transmitting species of Indian Anophelines, what are 
the limitB of atmospheric temperature and humidity between which 
transmission of malaria will taJee ‘ place. The enquiry started with 
Anopheles stephensi. With regard to the control of temperature and 
humidity, we use an air-conditioning cabinet in which the temperature 
can be set to any point between 60®F. and 100*F. and the relative 
humidity adjusted to any point between 60 and 100 per cent. • 

Ba^es of clean laboratory bred Anopheles stephensi were fed on 
gametocyte-earriers of three species of malaria (P. falciparum^ P. vivaa: 
and P. malaria} and immediately after feeding were put in Barraud 
cages a^ exposed to 36 different combinations of t^perature and 
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humidity in the air-conditioning cabinet. From time to time they have 
been examined by diasection as well as sections for gut and gland infections. 
In each case a gametocyte count was carried out on the donor immediately 
before feeding the mosquitoes on him with a view to find out the minimum 
number of gametocytes in the blood which will be infective to mosquitoes. 

The whole mass of data is now under investigation, but already the 
following findings of interest emerge :— 

(i) Both temperature and relative humidity play important parts 
in the tra n s m i s sion of malaria with Anopheles atephemi. 

(ii) At 60®F. and all humidities between 60 and 100 per cent, no infec¬ 
tion was obtained with any species. Controls of the above experiments 
at room temperature were made and showed salivary and gut infection 
with P. vivax and P. falciparum and gut infection With P. malarice, 

(iii) At 100°F. and all relative humidities between 60 and 100 per 
cent, no transmission is possible with A. atephenai as they do not survive 
till they are infective. 

(iv) Infection occurs with P. falciparum at ranges between 70°F. 
to 90°F. and humidities between 50 and 100 per cent, and salivary infection 
is seen frequently. At 60“F. and 60 per cent, relative huruidity a very 
poor percentage of mosquitoes was infected but at the same temperature 
and other hutnidities no infection was foimd. 

(v) Infection with P. vivax occurs at 60°F. to 90°F. and generally 
with high relative humidities between 70 and 100 per cent, and the heaviest 
salivary gland infections were obtained at 80“F. 

(vi) With P. malarice we have failed so far to obtain salivary gland 
infection. Gut infection with this species has been seen at temperatures 
between 60°F. and 90°F., the heaviest being observed at 70°F. Generallj' 
heavy infection was fmmd in higher humi^ties, 

(vii) The maturity and numerical strength of the gametocytes in 
the donor’s blood play an important role in infoctivity of mosquitoes. 

(viii) It would appear that an infected mosquito is very different 
from an infective mosquito. In some of the fed mosquitoes (especially 
with P. falciparum infections) oocysts packed with sporozoites have been 
foimd developmg towards the lumen of the mid gut; such oocysts would 
rupture mto the gut and the mosquitoes concerned could not be infective. 

(ix) Under these experimental conditions the percentage of survivors 
of A, atephenai was found to be longest in low temperatures and higher 
humidities. 

The paper will be illustrated with Charts and Lantern slides and the 
previous literature on the subject will be discussed. 

29. The viability of the ‘ infective ’ forms of the larvae of 
Wmhereria banerofti when freed from the mosquito 
host. 

K. P. Menon and P. V. Seethabama Iyer, Guindy. 

Mosquitoes infected with the larvse of W. banerofti Income infective 
in about 12 days. These infective forms are able to live in saline and water 
for a considerable time. Their longevity outside the mosquito in various 
ifluids of known strength was therefore ascertained. 

These infective larvse were able to live in plain tap water for to 
61^ hours. It wsis also noticed that they could live in 0-2 per cent, hydro- 
emorio acid with different concentrations of starch and egg albumen 
for 20 to 45 minutes. 

The possibility of these infective larvse remsuning alive in natural 
waters sufficiently long to warrant the inference that human hosts 
could contWMJt the infection through drinking water is indicated. The 
possibility that these Isurvse when swallowed could resist the action of the 
«cid gastric contents is sdso pointed out. 
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These observations are reported in the hope that they may lead to 
further investigation along similar lines with a view to settling whether 
filarial infection with W. bancrofH may be contracted by means other 
than the bite of the mosquito. 

30. The cultiyation of vaccinia virus on the chorio-allantoio 

membrane of the chick embryo. 

C. 6. Pandit, R. S. Rao, and H. E. Shortt, Guindy. 

Vaccinia virus has been successfully cultivated on the chorio-allantoio 
membrane of the chick embryo. For the initial seed clove-oil treated 
calf-lymph (dermal strain) was used. 

I7p to the date of writing 64 passages have been made. During 
the earlier part of this work, the technique described by Stevenson and 
Butler {Lancei, July 29th, 1933, page 228) was employed, but latterly 
the improved technique of Goodpasture and Buddingh (4mer»con Journal 
of Hygiene, 1936, 21. 2. 319} which involves the use of a dental drill has 
been ^op^. 

At any stage of this work the potency of the cultured virus never 
reached the Mfh titre attained by the routine calf-lymph of this labora* 
tory. Zt maiiitained a general level such as to give vesiculation in a 
dilution of about 1: 100, but in some passages dropped to 1:10 and in 
others rose to 1: 600, while the calf-lymph regularly gives a titre of over 
1 :1600. The tests for potency were, however, done on calves while 
almost all other workers on this subject used rabbits for the test. Ex¬ 
perience here is that the rabbits are more susceptible to the virus than 
calves and so can be expected to show a higher titre than calves. The 
storage qualities also do not compare favourably with those of calf-lymph. 

Experiments have been carried out to discover if any change in the 
direction of neurotropism has taken place in the dermal virus as a result 
of serial passages in eggs. Results imow that the cultured virus has not 
acquired neurotropio properties. 

31. Stone-production and urine volume. 

S. Ranganathan, Coonoor. 

During the course of a long series of experiments on * stone-produc¬ 
tion ’ in eubino rats, a definite correlation has been observed ^tween 
the ‘ stone-producing ’ potency of various diets and the volume of urine 
. vbided. For example, rats givw white bread 97 puts, dried yeast 3 
parts, water ad lib. and '3 gramme CaO daily, develop stone with great 
regularity within a period of two months. The addition of milk or sodium 
phosphate to this diet eliminates stone or materially reduces its frequency 
and at the same time the volume of urine voided is greatly increased. 

32. The obemical analysis of Indian foodstuffs. 

S. Ranoanathan, Coonoor. 

A systematic survey of the ehemical content of Indian foodstufb 
is being undertaken at Coonoor, most attention being given to the elements 
of matest practical importance in hitman dietetics^^dum, phosphorus, 
and iron. Although the survey is at present only in its early stages, 
some interesting olmrvationB have been made. Gertain leafy v^;etables— 
e.g. amaranth and Dramadok leaves—^whidt are widd^ lued the poor, 

are very rich in inai and moderately rich in caldum and phoi^orus. 
Indian tubers are, in gens^ source of these elenumti. In oon- 
tridisttnhtihnH to the toafy vegetables, pulses contain more phondioras 
than oakhmi.. .Goats* mpt has been found ridber in calcium and phos- 
«>pt>onas coW milk} hot^ver, oontama inora iron. 
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DERMATOLOGY. 

33. Age incidence of Leucoderma. 

G. Panja, Calcutta. 

The age-incidence of leucoderma in 700 cases has been analysed and 
recorded in graphs. There is an increase in the frequency of the disease 
up to the age of 16 years, the highest incidence being before puberty 
followed by a fall during puberty. There is a rise in the incidence again 
after puberty followed by a gradual fall until old age. A possible cause 
of the diseeise is suggested. 

34. Primary pyocyanea infection of the skin. 

G. Panja, Calcutta. 

Pseudomonas pyocyanea can give rise to primary dermatitis 
characterised by oedema, formation of papules, vesicles and ulcers and 
marked watery secretion. An autogenous vaccine-therapy is useful in 
the treatment of such conditions. 

35. Infantile Eczema. 

G. Panja, Calcutta. 

Infantile eczema is a distinct clinical entity. It is caused mainly by 
an internal sensitizing anti^n which is either endogenous in the bowel or 
exogenous in the food, particularly cow’s milk, or both. A large number 
of cases give positive skin test to milk. The disease is non-infectious. 

Two t 3 q)e 8 of eczema are commonly seen namely seborrhooic and pure 
infantile or allergic. The latter variety is more frequent in this country 
and is very resistant to treatment. Secondary infections are common in 
this disectse. Symptoms, differential diagnosis and prognosis are 
described. Photographs of cases and methods of treatment are given. 
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President :—Db. W. Bubbidge, D.M., M.A., F.N.I. 

Presidential Address. 

SOME EUTUEE LINES OF ADVANCE IN 
PHYSIOLOGY AND MEDICINE. 

It would seem fit and proper in this, the first presidential 
address of this now section of the Indian Science Congress As¬ 
sociation, to indicate some probable future developments in 
our own branch of scientific study. The developments to wliich 
I refer wait on the attainment by i)hy8iologists in particular, 
and medical research workers in general, of knowledge of the 
laws that govern the stimulation of rhythmically active structures 
to greater activity, and of their behaviour when so stimulated, as 
well as on a more lively appreciation of the fact that living tissues 
are also colloidal systems. These developments wait because 
of the great attention paid by physiologists in the past and to-day 
to the phenomena attendant on the electrical excitation to 
activity of the members of the frog’s muscle-nerve preparation. 

The science of physiology is founded on the phenomena 
presented by isolated muscle and nerve. Physiologists have 
Ijelieved, with all that firmness with which the theologian holds 
to an a. tide of faith, that all the fundamental properties of 
living matter are present and can be studied in the frog’s muscle- 
nerve preparation. Tliis belief has led them to build their 
science on three fimdamontal theories, which are: (1) that 
natural stimulation, such as that of the eye by light or the ear 
by sound, is a process precisely similar to that of exciting an 
isolated muscle or nerve to activity by electric currents ; (2) that 
all organs of the body remain quiescent until excited to activity 
by a stimulus ; (3) that the process of stimulation is akin to an 
explosive action. This view of stimulation is based on the 
belief that electric currents excite activity by giving a shock or 
commotion to imstable compoimds called excitable substances 
which then undergo a process akin to an explosion and so release 
energy. 

These three theories, either individually or jointly, are in¬ 
corporated into all other theories which attempt to explain 
bow any organ of the'body behaves. If, then, any one of them 
be invalid, every theory based on it must also be invalid. And 
if all three theories be invalid, very little of our science is left. 
The facts will remain, of course, but they will require to be re¬ 
grouped into quite different combinations or theories, and that 
means the development of a different science. 
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It is therefore germane to our subject to point out that 
there never was a time when anybody advanced any scientific 
proof of any of these fundamental theories. They are to be 
regarded instead as the fundamental presumptions with which 
scientists have furnished themselves before making observations. 
There is no doubt, for example, that the stimulating action of 
light on the eye is a natural stimulation. Consequently, if we 
wish to study natural stimulation, the eye should present all 
necessary material for research thereon. No observer of retinal 
stimulation, however, has ever thus studied natural stimulation, 
simply because he has taken it for granted that the stimulating 
action of light on the retina is exactly the same as the action of 
electric currents on isolated muscle or nerve. And so long as that 
belief is held the problem will be to advance an explanation of 
what is observed through eyes in terms of what is Imown about 
the actions of electric currents on isolated muscle or nerve. 

There was similarly never a time when any proof was ad¬ 
vanced that all organs of the body are quiescent until excited 
by a stimulus. It has instead been taken for granted that they 
are because the members of the frog’s muscle-nerve preparation 
are; for those tissue constitute the physiological standards of 
reference. 

These fundamental presumptions of our science were estab¬ 
lished about a centmy ago, and have been in existence long 
enough to have become part and parcel of the automatic thinking 
of the average physiologist. They further so form the founda¬ 
tions of our science that modem scientific workers may aptly 
be compared with builders and decorators of the building 
erected thereon. A noteworthy contribution to the science 
may then be equally aptly compared with the addition of a 
storey to the building, or with the decoration of its main assembly 
hall. ■ Any such builder or decorator could further be naturally 
expected to take pride in his achievement. Any suggestion 
that the foundations are faulty would equally naturally there¬ 
fore be unwelcome. So loi^ as scientists are human, then, wo 
cannot expect any enthusiasm for the evidence of fact which 
demonstrates that the foundations of our science are faulty, 
because it implies the dismantling of the old building and re¬ 
erecting on new foundations. And even after the new facts 
are sufficiently assimilated to lead to some doubt about the old 
foundations, we may well at first find enthusiasm for extending^ 
them down to a b^ock which ought to exist below shifting 
sands rather than for schemes for building anew. 

Since m the course erf this address references will frequently 
be made to quiescent and fhythmical tissues respectively, it 
may now be pointed out, for the benefit of those who are not 
physiologists, that a loaded machine gun provides the analogue 
of a living struotime which remains inactive until excited to 
activity hy an esdiemal agent which physiologistB call the sti- 
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mulus. A petrol motor ticking over, on the other hand, forms 
a good example of a rhythmically active structure in that it 
regularly repeats a definite cycle of events over and over again. 
This machine, in physiological language, is stimulated to greater 
activity through the application of pressure to its accelerator 
pedal. 

It will be part of the argument that physiologists through 
their attention to isolated muscle and nerve have been equivalent 
to machine-gun specialists firmly believing that ail the principles 
of all machines are present in the machine-gun. The corollary 
to such a belief, of course, is that the more one knows about 
the working of machine guns the more one knows about the 
working of all other machines. Consequently after one has 
found through carefully conducted experiments that the velocity 
of the bullet is independent of the pressure exerted on the trigger, 
whereas the speed of a motor varies with the pressure on its 
trigger or accelerator pedal, it would become necessary for our 
imaginary machine-gun specialist to put forward a special 
hypothesis to bring the working of a motor into agreement 
with the working of a machine-gun. A possible solution of 
the difficulty, it may be noted, would be a fractionation hypo¬ 
thesis ; one could imagine that the motor was a machine with 
a thousand cylinders or barrels, and that increasing pressure 
on its trigger brought an ever greater fraction of the total 
number of cylinders into action. 

Before dismissing such an hypothesis as being hopelessly 
fantastic, one should realize that everything is Imown about 
the structure and functions of the machines which men them¬ 
selves construct and that there is much to be learnt about the 
stincture and functions of living tissues. To begin to appreciate 
the difficulties which face physiologists, one would require to 
imagine a machine-gun and a motor built somehow or other 
to look both externally like spheres! After the imagination 
has been sufficiently staggered by trying to do this, a reasonable 
idea will be obtained of the difficulties which face the physiolo¬ 
gists when he deals with living tissues. He does not construct 
the machinery with which he deals, and there are many gaps 
in his knowledge concerning them. Those gaps are bridged by 
hypotheses which necessary are abandoned or replaced as 
knowledge advances. 

The living structure with which we deal possesses a property, 
excitability, which may be defined as the capacity of a living 
structure to react to environment change. And, having so 
defined this property, one can next see as its manifestations 
the response of the whole individual to the sound of a motor 
horn, the response of a heart to a drug dissolved in the medium 
which bathes it, and the response of isolated muscle or nerve 
to the action of an electric current. 
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The last type of response is the one whereby exact studies 
of excitability have been made, the ease with which electric 
currents can be graded both in strength and duration together 
with the ease of making a muscle-nerve preparation giving a 
combination seemingly excellently adapted for such exact 
studies. The lessons thereby learnt from muscle and nerve are 
then apjilied to the explanation of such other phenomena as 
the mode of action of light on the sensory nerve-endings or end- 
organs of the eye, the application being made in accord with 
the belief noted above that electric currents excite activity 
from quiescent muscle and nerve in exactly the same manner 
as light stimulates retinal end-organs to activity. The science 
or physiology of retinal stimulation, which has so far developed, 
unhesitatingly accepts that belief. 

If, however, on approaching the subject of retinal stimu¬ 
lation one imagines the possibility that the action of an electric 
ciu’rent on isolated muscle or nerve is not necessarily the same 
as the action of a natural stimulant, then the science which 
has been developed provides in itself the renitent testimony 
of the falsity of its primary propositions. For if the proposition 
be true that the stimulating action of light on a retinal sensory 
organ is a process akin to that of exciting isolated nerve or muscle 
to activity by electric currents, then from what we know of 
the one we ought to able to predict the phenomena of the other. 
Not only can no such prediction be made but, what is more, 
for every phenomenon of retinal stimulation actually observed 
a special hypothesis has to be formulated to explain away 
the fact that such a phenomenon should not be if retinal stimu¬ 
lation were a process of the type which the primary proposition 
presume it to be. To pursue such a course may well seem 
unscientific, but it should be borne in mind that no other course 
was open so long as men held the beliefs they did. Those 
beliefs directed the investigator to obtain an explanation of the 
phenomena of retinal stimulation in terms of what he knew 
that electric currents did to isolated muscle and nerve. That 
is to say, he attempted to bring the facts into relation with a 
firmly held belief that natural stimulation was the same as exciting 
isolated nerve or muscle with electric currents. The first step 
to any advance, therefore, if advance were possible, would be 
to begin to suspect that the action of electric currents on the 
muscle-nerve preparation did not reproduce natural stimulation. 
Not the least of the barriers to any such suspicion would be its 
utter disharmony with all the traditions of the elders. 

It should also be noted that, until the advent of the doctrine 
of Evolution and for some time after, the biological sciences 
proceeded generaUy in the style which is still followed by many 
physiologists. All leading biologists once firmly believed in the 
literal accuracy of the account of creation which is related in the 
first chapter of the book of Genesis. This belief constituted their 
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primary proposition and, so long as they held it, their problem 
was that of adjusting biological facts to accord with it. The 
majority of biologists, however, have now abandoned this primary 
proposition and build their theories from the facts instead. The 
first step towards being able to do anything like that, however, 
is a weakening of faith in the primary proposition, and if physio¬ 
logists generally begin to suspect that the excitation of activity 
in isolated muscle and nerve by electric currents is not natural 
stimulation, they would well view matters in a difierent light. 

Attention is therefore next drawn to a gap in the knowledge 
of physiologists. It was not known and was not even suspected 
that the proposition of stimulating a rhythmically active organ 
to greater activity was an essentially different i)roposition 
from that of exciting a quiescent tissue to any activity at all. 
It is the case, however, that by grading the concentration of a 
stimulating drug or ion in the medium which bathes a heart 
we can make the same exact study of the stimulation of a rhyth¬ 
mically active tissue to greater activity that one can of excita¬ 
tion by the use of electric currents on isolated muscle and 
nerve.^ 

When such exact studies were made, they demonstrated 
that the proposition of stimulating a rhythmically active tissue 
to greater activity is essentially different from that of exciting a 
q uiesceiit organ to any act i vity at al 1. The two propositions are so 
different, indeed, that a heart which possesses much of excitabi¬ 
lity can only with difficulty be stimulated to greater activity.* 

It has always been imagined, however, that a heart's 
excitability so determined its capacity to react to drugs that the 
greater the excitability the more readily did the heart react. 
But the finding of fact is just the ojipositc, the greater the 
excitability, the less readily does it react. 

Having thus discovered that the cajiacity of a beating heart 
to have its activity modified by environmental change is entirely 
different from the capacity of a quiescent tissue to be excited to 
activity by electric currents, we are brought to nomenclature. 
The latter phenomenon is the one on which all scientific studies 
of excitability have been made, and if for that reason we call 
this phenomenon excitability, we obviously require a new name 
for the other phenomenon. The name which has been suggested 
for this other is responsiveness, and it may be defined as the 
capacity of a rhythmically active organ to have its activity 
modified by environmental change.* 

The rhythmically active organ also possesses excitability, of 
course, just as do the members of the muscle-nerve preparation. 
Excitability, however, determines the capacity to be active at all, 
and not the capacity to undergo a modification of activity 


* Burbidge—E xcitability, A Cardiac Study. Oxf. Med. Pub., 1932. 
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already present. We have, in fact, the difference between 
sparking the gases in a motor’s cylinders and the acceleration 
of the whole machine. If we further imagine motor engineers 
to attempt to explain a motor’s acceleration in terms of the 
laws that govern the sparking of gases in its cylinders, we shall 
have some idea of the difficulties that have faced physiologists 
when they have attempted to explain phenomena of responsive¬ 
ness in terms of excitability. Before deducing, however, any¬ 
thing derogatory to physiologists from what they undoubtedly 
did in the pawt, the motorist should try to imagine what he would 
do in explanation of a motor’s acceleration if he knew nothing 
of the existence of a carburettor, but yet had made a reasonably 
exhaustive study of the laws of gas-sparking. He could obviously 
only give an explanation in terms of what he knew, and that 
would require a lot of hard thinking. If he could advance a 
seemingly reasonable explanation of acceleration under such 
conditions, it would be such a great achievement that he might 
well subsequently be annoyed when somebody else discovered 
the existence of a carburettor. It is the case at any rate that 
when the definite evidence of the existence in hearts of a process 
akin to carburation was first presented, some of those who 
previously had no conception even of its possible existence were 
definitely annoyed. 

These two distinct properties of living tissues, responsive¬ 
ness and excitability, are at present confused together throughout 
the whole body of medicine, one striking example being the 
clinical condition termed the excitable heart. This condition 
should undoubtedly be termed the responsive heart, and the 
difference in the adjective means everything. For if it be a 
problem of excitability its solution will be found in the laws 
that govern the excitation of isolated muscle or nerve to action 
by electric currents, whereas, if it be a problem of responsiveness, 
we should seek its solution in the entirely different laws that 
govern a beating heart’s capacity to have its activity modified 
by environment^ change. 

The suggestion may accordingly be offered to medical 
teachers to consider matters carefully when they next find 
themselves prepared to assert that drugs, such as hormones, 
excite organs to activity, or to make assertions about excita¬ 
bility generally. If it be believed, or there be evidence, that 
a particular organ would remain inactive until activity was 
initiated or excited in it by the drug, then its action is probably 
a iH'oblem of excitability. H, on the other hand, there is the 
evidence, and generally there is, that the drug or other agent 
modifies, either by augmentation or decrement, activities 
which have an existence independently of the modi^ng agent, 
then there is no dopbt that the la'oblem is one of responsiveness. 
And, if it be a i^blem,. of responsiveness, any discussion of it 
in of excitability; would require as its fitting accompani* 
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ment an orchestra playing that well known tune, ‘ The birds 
that sing in the Spring 

Another essential to clarification of ideas where there has 
been unsuspected confusion is a severe restriction in the use of 
the terms, excite and stimulate. The former should be closely 
restricted to the excitation of activity in an organ previously 
quiescent, as is the case when electric currents excite quiescent 
muscle or nerve ; the latter should be restricted to the augmen¬ 
tation of a pre-existing activity. 

Some important implications arise from these results con¬ 
cerning natural stimulation. There can be no doubt of the fact 
that the stimulation of a beating heart by the hormone, adre¬ 
naline, is a natural stimulation. This process we have foimd 
to be so entirely different from that of exciting quiescent muscle 
and nerve with electric currents that the latter teaches us nothing 
about the former. We also noted above that, unless we make 
the presumption that an activity of an internal organ is non¬ 
existent in the absence of a hormone, then hormones generally 
may be held to stimulate and not to excite. And if the skeletal 
muscles of the body are in that constant state of activity called 
tone, it would appear necessary to put aside everything learnt 
about excitability when considering their natural stimulation. 
There is finally the case of the sensory end-organs by which 
the intact animal reacts to its surrounding. Arc they stimu¬ 
lated, or are they excited by environmental change ? The 
inability of faradising electric currents to stimulate their activity 
is one line of evidence indicating their inherent rhythm ; for 
such currents do not augment the activity of a rhythmical 
organ, they only derange any activity already present. A 
second line of evidence is afforded by the fact that the response 
of an end-organ is graded to the strength of the stimulant, the 
typical response of a rhythmical structure. The responses and 
behaviour of retinal sensory end-organs definitely demonstrate, 
as shown elsewhere, that these have inherent rhythm.^ 

The conclusions reached, therefore, are that natural stimu¬ 
lation is essentially a process of augmenting the activity of 
some structure which possesses inherent rhythm, and that the 
actions of electric currents on isolated muscle and nerve throw 
no light on the nature of this natural process. The presump¬ 
tion made many years ago of the identity of the two processes 
which are now so demonstrably different was therefore wrong. 
Physiologists, however, have built on this wrong presumption 
all their theories and arguments concerning how the organs of 
the body behave. Every such theory should in consequence 
now be held to be invalid, and any such argument held to be 
meaningless. 


1 Bukrtogb— A New Physiology of Sensation. Oxf. Med. Pub., 
1932. 
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The next gap in physiological knowledge concerns the 
behaviour of a rhythmically active organ when it is stimulated 
to greater activity. Here again, for the benefit of those who 
are not physiologists, we may digress to consider the behaviour 
of a machine gun and a motor car respectively. The response 
of the former would be bullet-velocity, and that of the latter 
its speed. 

Since bullet-velocity is independent of the pressure exerted 
on the trigger, provided the latter is adequate at all, the responses 
of the machine-gun are ‘all or nothing ’. In contrast with this, 
the responses of the motor-car are graded according to the degree 
of stimulation. 

If we consider next their responses to excitation and to 
stimulation respectively, we note that the machine gun bursts 
into full activity immediately after it is excited, and reverts to 
complete quiescence again immediately after excitation ceases, 
whereas the motor car gradually attains its speed, wluch is 
maintained for a short time after the stimulation has ceased, 
and then the speed gradually returns to what it was before the 
stimulation was applied. In addition, as is well knowm, a given 
amount of speed is more quickly attained by strong stimulation 
than by weak. 

Now there is producible in rhythmically active tissues a 
specific type of augmentation, the hysteresial augmentation, 
the main properties of which can be verified by any motorist 
who cares to study the events wliich take place when his car 
is accelerated from 15 to 45 miles per hour, say, and then the 
speed allowed to drop back to 15 again. Admittedly the proper 
place for verification of the properties of a rhythmical tissue is 
a rhythmical tissue itself, but the fact that they can be verified 
through a motor car or a free-wheeling bicycle throws light 
on the nature of the augmentation which cannot be immediately 
supplied by the tissue itself. 

In physiological language an acceleration of a motor car 
from 15 to 45 miles per hour, -jyhich was followed by a period 
of free-wheeling until the speed reverted to 15 again, would 
be termed a hysteresial augmentation of the activity of the car. 
Concerning cars we know that a car so stimulated acquires 
momentum and that after stimulation has ceased this momentum 
is dissipated by frictional resistance. We can reasonably infer, 
therefore, from the similarities, that a hysteresial augmentation 
of the activities of a rhythmical tissue depends on the conferment 
of momentum on something within it, and that this momentum 
becomes dissipated through frictional resistance. That further 
implies that the constituents of the rhythmical tissue which 
acquire this momentum have surfaces which can meet with 
frictional resistance from some other medium surrounding or 
in contact with them. The constituents of living tissues capable 
of satisfying these conditions are its contained colloids. 
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The non-physiologist who has read the above may now well 
wonder why any physiologist should go to the trouble of doing 
the equivalent of putting down in set terms the behaviour of 
a motor car when it is accelerated from 15 to 45 miles per hour 
and then allowed to fall back to 15 again. The answ'er to this 
query is supplied by the fact that tlie rhythmical activity of 
a living tissue may be in itself as much beyond our immediate 
perception as are the individual vibrations of a tuning fork. 
The existence of rhythm under such circumstances can only 
bt inferred from behaviour, but it can be inferred with the same 
reasonable certainty that otic can infer that a tuning fork is 
vibrating though its behaviour as the provider of a musical 
note. 

The ultimate nature of this living rhythm is imknown. It 
may be based on regular alterations of physico-chemical-condi¬ 
tion, or it may lie in movements of the colloidal ])articles them¬ 
selves. The BrovTiian movements of unorganised non-living 
colloids for instance may possibly be transformed into motions 
of regular tv[)e in living and organised colloidal systems. There 
may be indeed the difference between a holiday crowd disjjorting 
itself on a parade ground, and a regiment inarching ))ast in review 
order at the same place. We do not yet know, we can only 
visualise possibilities. 

We would next draw some attention to the significance of 
the facts that the laws which govern the stimulation of rhythmi¬ 
cally active structures and their liehaviour when stimulated are 
new discoveries in physiology. It is obviously imiJO.ssible for 
anyone to recognise a rhythmical tissue to be what it is from 
its behaviour when stimulated unless he knows how a stimulated 
rhythmical tissue behaves. To anyone with these gaps in his 
knowledge, therefore, an organ or tissue inaj' shout, as it vere, 
the fact of its inherent rhythm, but the shouting will be in a 
language which the listener simply cannot understand. Matters 
would be made much worse by the li.stener or observer presuming 
that the tissue or organ coulcl not possibly be what it was doing 
its best to point out that it was. 8uch has been the past position 
in much of physiology, for there is now' no reasonable doubt 
that physiologists in the past stimulated .structures of inherent 
rhythm to greater ac^tivity in the firm conviction that they were 
exciting quiescent structures to activity per se. As a result 
they provided themselves with a number of hard puzzles to 
solve, but the puzzles were those of welding the facts to prior 
convictions with which they w'ere inconsistent, rather than that 
of framing theories from the facts themselve.-. In addition, 
they could not construct valid theories from the facts because 
the construction of a valid theory would require a knowledge of 
rhythmical structures which was not possessed. 

A striking example of one of these hard puzzles is provided 
by the facts that a motor’s head-light affects our eyes relatively 
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little in daylight and much at night. These simple facts, when 
the problem is presumed to be one of excitability, have provided 
a puzzle of wMch there are scores of different and competing 
solutions contributed by many of the best brains of physiology. 
From the basis of the ii^erent rhythmical activity of the sensory 
end-organs of the retina, however, far from having to put up 
a theory to explain away the facts, one can predict instead that 
such facts should be. Alternately, of course, one can appreciate 
that the facts lead to a theory of the inherent rhythmical activity 
of the end-organ. But to appreciate where the facts lead one 
requires the adequate knowledge of rhythmical structures. 

It may be judged from this example, that one essential 
item of equipment for anyone who deals with visual stimulation, 
whether he be a member of the Vision Committee of the Medical 
Research Council or one of their research Workers, is a knowledge 
of the properties of rhythmical structures. Without that 
knowledge, time, and with it public money, may be indefinitely 
wasted in fitting to a false preconceived notion facts which 
automatically fit into a different system of philosophy. One 
might further suggest that a fittmg subject for research would 
be to verify or not by examination whether the behaviour of a 
stimulated retinal end-organ was similar to that of an isolated 
muscle or nerve excited by electric currents, or whether it 
resembled that of a beating heart stimulated to greater activity 
by a drug. 

The physiology of the central nervous system also strikingly 
exemplifies the barrier to progress which undue attention to the 
muscle-nerve preparation has provided. When the behaviour 
of a reflex arc was first tabulated it was appreciated that nothing 
like it was known as being produced by the action of electric 
currents on isolated and quiescent muscle and nerve. But to 
this appreciation was added the presumption that muscular 
and nervous structres could only behave in the manner in which 
the quiescent structures of the muscle-nerve preparation behaved 
when they were excited to action by electric currents. In 
consequence, a structure, neither muscle nor nerve, was sought 
in the arc to which its believed peculiar properties could be 
assigned. The structure selected was the synapse. 

What were then unknown were the properties of rhythmical 
structures. Had they been known the behaviour of the reflex 
arc would, have been recognised to demonstrate within it the 
presence of a rhythmical structure. And with the examples 
of the eye and the heart available, the conclusion would Imve 
been that either a nervous or a muscular structure could be 
responsible for the arc’s behaviour instead of the conclusion, 
neither muscle nor nerve. That conclusion, in its turn, would 
have obviated any reason for assigning the prop^i^ to the 
synapse. The b^vi^ of the arc would have been realised 
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instead to demonstrate the inherent rhythmical activity of 
central neurones.* 

Now it seems to me unlikely that any man of science would 
disagree with the proposition that his thinking depends on 
the activities of the nerve cells in his brain; there is now too 
much evidence to that effect. It is the concern of physiology 
to provide a philosophy of the nature of those activities, and 
the philosophy so far provided considers that those nerve cells 
sleep until they are awakened by an external agent, the stimulus. 
It is a philosophy that has prevented physiology from offering 
any real help either to the alienist or to the psychologist. 

One result of this has been the development of such systems 
of modem psychology as that of Freud which pay no attention 
to physiology because no attention is possible. They have 
developed independently of physiology, and make no contact 
with it. There must therefore be something wrong somewhere. 
Modem psychology has either gone ahead of physiology or else 
gone off into the wilderness. The newer knowledge of the 
})ropertieB of rhythmical tissues indicates that modem psychology 
went chiefly ahead. 

Rhythmically active central neurones provide possibilities 
that simply remain undreamt of so long as one juesupposes 
that they have inherent quiescence and only wake up when 
they are excited. The activities of rhythmical structure are 
twofold, they have an activity mediated by rates and an activity 
mediated by amplitudes. In vision, for example, amplitude fur¬ 
nishes brightness and rate furnishes colour, while in sound ampli¬ 
tude furnishes the degree of loudness and rates furnish the notes. 
Any idea based on the activities of a system of rhythmical 
neurones could therefore be expected to furnish us with a concept 
of loudness or importance based on their amplitudes, and a 
colour or emotional tone based on their rates, and they do 
furnish these properties. 

Living rhythmical tissues, however, have certain proj)erties 
which distinguish them from the non-living. They have a 
normal or neutral rate of beat from which two variations are 
possible, namely a slowing and a quickening. That indicates 
the possibility of a primary division of our feeling tones based 
on quickening and slowing respectively, and a secondary division 
where we distinguish between neutral and various grades of 
slowing and quickening. Other possibilities are indicated by 
the fact that cold produces slovdrig in a rhythmical tissue 
whereas heat quickens. 

If it next be understood that we do not know what things 
are, we only know what we believe them to be, and that what we 
believe them to be is determined for us by the nature of the 


1 Bubmdqb—-A New Physiological Psychology. Arnold. London, 
1983. 
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neural processes taking place in our organs of mind, then it 
will be appreciated that ideas which are obtained by the activities 
of living rhythmical systems will be divisible into the three 
groups of those which more or less warm us, those which we 
find neutral, and those which more or less chill us. 

These divisions are further as inherent to the nature of 
the processes at work in the brain as is the division of time 
into successive periods of day and night inherent to the revolu¬ 
tions of the earth in its path round the sun. And just as men 
before the discovery of the earth’s motions had to formulate 
special theories to explain the regular succession of night and 
day, so also, until the nature of neural activities was discovered, 
special theories were required to explain how our ideas should 
have those divisions which we find to be the inevitable conse¬ 
quences of neural activities being what they are. The moralist 
makes the subdivision dependent on a conscience, and Freud’s 
deus ex machina is the super-ego. 

It is no part of our intention, however, to write an essay 
on the problem of good and evil, we merely wish to give one 
instance of many which show how the newer knowledge of the 
nature of neural activities provides automatic explanations 
of matters about which we can otherwise only speculate without 
reiiching anything in the way of finality. For most if not all 
of such speculations hitherto made were necessarily based on 
the material which each individual found in his own organ of 
mind. Since we are further born to believe in the truth of what 
our neural activities mediate to us, and also to believe that there 
is an external reality corresponding to what those activities tell 
us, the further tendency will be to imagine that a general con¬ 
clusion has been reached when actually a special case only w'as 
considered. 

The possibilities provided by rhythmically active neurones 
will be foimd examined in more detail elsewhere.^ Assuming 
^ the truth of this doctrine of inherent rhythm, and its truth can 
only be denied by those whose knowledge of the properties of 
rhythmical structures is incomplete, it is interesting to note 
that Freud appears to be the psychologist who attained the 
deepest insight into the properties of neural processes. At 
the same time, however, it is to be observed that just as the 
super-ego dissolves into an automatic consequence of neural 
processes being what they are, so likewise do such processes as 
censoring and repressing. But tvhile the newer knowledge 
of the nature of neural activities leaves little of the Freudian 
philosophy, it yet shows that he was well ahead of a physiology 
which imagined that neurones slept until they were awakened 


1 Buebidoe—A New Physiological Psychology. Arnold, London, 
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to activity and then went to sleep again immediately after their 
awakener had ceased to excite them. 

Rhythmical activity, however, had at least to be credited 
to those parts of the central nervous system which are concerned 
in respiration. But those who have dealt with the activities 
of the resi)iratory centre so far have had inadequate knowledge 
of the xtfoperties of rhythmical structures. They have pre.sumed 
that carbon dioxide excites the centre to activity just as electric 
currents excite isolated muscle and nerve. Once tha t presumption 
is dropped and attention directed instead to the nature of natural 
stimulation, mutation rather than slow evolution should be the 
result here as well as elsewhere. 

The last point we have to consider concerns what is com¬ 
monly known as the internal environment of the body. We 
are accustomed to S|X!ak of the internal and external environ¬ 
ments, and are thereby provided wdth what seems at first sight 
to be a valuable generalisation. We can thereby class together 
a change in external environment such as the too near approach 
of a motor car, and a change in internal environment such as 
is produced by the imbibition of, say, alcohol, But so long as 
we so classify the two events, we may blind ourselves to the fact 
that any alteration in the constitution of the body’s fluids 
constitutes an alteration in the constitution of the <lispersing 
phase of the body’s colloids. There is no doubt that this genera¬ 
lisation has generally blinded physiologists and pharmacologists 
to that fact, because nothing is rarer than any comment on tlu; 
actions of any drug on colloidal s5"siems. Once, however, the 
point is grasped that the introduction of any drug into the 
body produces an alteration in the chemical composition of the 
dispersing phase of its colloids, botli physiologist and pliarma- 
cologist can turn to the physical chemist for advice. 

Carefully controlled experiments have demonstrated that 
many agents can exert on living organs two independent actions 
which possess the characters that arc predictable of them if 
they were effected through colloidal systems.^ The instances 
now available are many, and their number is automatically 
increased as experiments progress. The facts, however, cannot 
be absorbed into a philosophy whose foundations were laid before 
anything was known about colloidal systems. 

This philosophy presumes that excitability is a primary 
property of living tissues, whereas we now know that it is derived 
from the properties of colloidal systems.^ A further pre¬ 
sumption is that excitability is equivalent to the explosiveness 
of unstable excitable substances, and this in its turn has led 
to an either-or philosophy, the path thereto being smoothed 
by the language in which our thoughts have been cloaked. A 


1 Bubbidqe —Excitability, A Cardiac Study, Oxf. Med. Pub., 1932. 
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quality like explosiveness is obviously only capable of two 
variations ; it may be raised or lowered. 

The facts require one to imagine that a single agent can 
both raise and lower excitability at one and the same time. 
Attempts to imagine how something can both go up and down 
at one and the same time appear to have produced nightmares 
in some instances and bad temper in others. The difficulties 
here, as with many others of physiology, do not arise from 
the facts but from the theories to which they are expected to 
conform. 

When the scientist meets new facts inconsistent with 
his theories, it is popularly believed that he alters his theories 
to accommodate the new facts. In this case, however, we do 
not deal with ordinary scientific theory, but with a foundation 
principle that has been unquestioned for years. All text-books 
of pharmacology, for example, have been written by authors 
who have accepted this principle as unquestionably as any 
medieval author would have presumed that the earth was flat. 
It must obviously be hard for any man to find in question a 
statement which he has regularly made for years in full confidence 
of its truth. Such, however, is the position to be faced, and the 
older the author, the less capable will he be of assimilating the 
new facts which contradict what he had taught for years. 

Alcohol is the striking example of a drug which, in contra¬ 
diction to all the traditional theories concerning it, actually 
exerts two independent and opposite actions at one and the 
same time.^ We further select alcohol because it has been 
the subject of controlled experiments in the laboratory, and 
uncontrolled experiments by men on themselves. It was the case, 
however, that the laboratory experiments were over-controlled 
by presumptions. Before experiments were done, rules were 
laid down concerning how they ought to be done, and those 
rules had such a seemingly inherent perfection that they passed 
unquestioned for years. Yet, as a matter of fact, there is now 
no doubt that the rules prevented the full observation of what 
drugs can do as effectively as the requirement that a man 
carrying a red flag must walk in front of every motor-car would 
prevent motor-cars from showing tWr full capabilities. 

What may now be called the red-flag controlled experiments 
indicated that alcohol could only exert one action at any one 
time. In contrast with this, equally carefully performed ex¬ 
periments, without the red-flag control, demonstrated that 
it could exercise two opposite and independent actions at one 
and the same time. 

The uncontrolled experiments which men performed on 
themselves also showed that it could exert two actions at a 


1 Bt7BBiDaa~-Aloohol and Antestheda. Wiliiams 'and Norgate, 
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time on conduct, and so also two actions on the nerve-cells of 
the brain. The physiological rule, however, has always been 
to explain such matters in terms of what is known about muscle, 
and alcohol provided a divergence of findings between its actions 
on brain and muscle respectively. The divergence really in¬ 
dicated the necessity for a revision of views concerning muscle 
physiology, but as the current muscle physiology was believed 
in with firm faith, the course actually taken was that of adjusting 
the divergence by special hypothesis relating to the brain. It 
was suggested that the brain held two anatomically distinct 
groups of nerve cells so different in their properties that alcohol 
would depress the members of the one group and stimulate 
those of the other. These two groups were called higher and 
lower psychic centres, respectively. 

None has yet been able to point out where each of these 
two groups is, and it is now reasonably certain that none ever 
will do so because of the advances made in our knowledge of 
what alcohol does to muscles. Those advances show what 
alcohol can do to living colloidal systems. It does to them 
what it does to the non-living; namely, it induces adsorption 
phenomena and effects changes in the state of colloidal aggre¬ 
gation. In addition, it quickens the rates of living rhythmical 
structures. 

The experiments which men have been performing on 
themselves with alcohol for centuries can now be used to thi'ow 
light on the respective parts played by adsorption phenomena 
and aggi^gation state in the activities of the nerve cells which 
mediate our thinking. It also tlirows light on the significance 
of the rates of the same changes. Alcohol quickens rates and 
so has the same action as warmth, an action which according to 
previous observation would make the world seem rosier,* 

Apart from these points, however, these experiments 
which make contact with colloidal systems demonstrate also 
that the different organs of the body have two sources of potential 
energy for their activities where previously it had been pre¬ 
supposed that there was only one. The demonstration that 
there are two sources of energy, it should be noted, is the demon¬ 
stration of fact; it is inference, however, that they are energies 
supplied by colloidal systems. But if one does not infer that 
they are supplied by the colloidal systems present, the number 
of contradictory hypotheses then required is in itself the testi¬ 
mony that to infer otherwise is wrong- One would first point 
out, for instance, that although there are two types of reaction 
similar to those made available by a colloidal system, we are 
yet going to infer that they are actually made available from 
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two other sources of whose existence and constitution we have 
not the foggiest notion. At the other end, whUe admitting 
that colloidal systems are present, we should have either to 
infer that living colloidal systems have no use for adsorption 
phenomena and aggregation change, or else to infer that, if 
such phenomena occur, they cannot he manifested in any of 
the properties presented by the organ. If then we refuse to 
identify similars with similars; the refusal makes necessary 
such a number of hypotheses having no basis of fact at all that 
one can only deem the refusal to be wrong. 

The existence of two sources of energy, where previously 
only one was believed to be, makes as much difference to our 
philosophy as the discovery that the action of electric current.^ 
on isolated muscle and nerve is not the same as natural stimu¬ 
lation. It is ne(!essary to give up the idea that the machinery of 
the body derives its energy from the explosion of a sort of defi¬ 
nitely composed somatic or neural dynamite, and replace it 
by something for which the carburettor of the motor car is the 
better analogy. The organs of the body work on a mixture? 
of two sources of energy and the mixture is infinitely variable 
in its composition. 

Some idea of the possibilities opened up may be obtained 
by considering the simple indeterminate equation, H-j-L=T. 
It is one wliich covers many activities of our organs of mind. 
The equation indicates that two sources of energy, H and L, 
co-operate together to produce a result, T. These two sources 
of energy are provided by colloidal systems, and they have been 
called the kinosiphores, because on them all bodily movements 
are borne. 

The equation puts the activities of the organ of mind on 
an energy basis. Having done that, it is certain that there is 
a limit to tlie capacity of the brain to generate energy. This 
limit is indicated by T, and the existence of this limit further 
sets up a relationship between H and L. The more there is of 
H, the less can there be of L, and vice versa. This relationship 
in turn holds good of two antagonists fighting each other to 
obtain as much as each can of a limited stock of something, as 
well as of two co-operators working to a common end. It is 
easy to find psychic phenomena with this relationship.* 

The source of energy, H, gives us judging capacity, whereas 
L provides the data which we judge. Hence, when the data 
are sufficiently large, we lose the capacity to judge them well. 
Music from the too-loud-speaker is an interesting example of 
data being so large that we cannot apply to them enough of a 
different type of energy to judge them well. The reader or 
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listenfer is next invited to consider the possibilities arising from 
the same strengths of data being delivered to minds of different 
capacity in T. Who would complain about the loud speaker 
first, the possessor of the large or the possessor of the small 
powered mind ? On the other hand, since equal strengths of 
external stimulation can generate different amounts of L in 
different individuals, qriite another group of complaints is 
thereby made possible. 

We can do no more than indicate, however, some of the 
possibilities that arise from the donation to nerve cells by the 
colloidal systems constituting them of two sources of energy. 
Those who wish to pursue these matters further can do so through 
the material presented elsewhere. Here, we just hover on the 
borders of a new land ready for detailed survey. 

Tt is very easy to perform the experiments which demon¬ 
strate the existence of two sources of energy in living tissues, 
and also to perform those which reveal the properties of rhyth¬ 
mical structures. The simplicity of the apparatus required 
may indeed be its chief defect. For so long as scientists are 
human, they must probably automatically imagine that some 
new and wonderful machine constructed to give electric shocks 
to an excised nerve in a manner never previously known must 
give results of a value commensurate with the machine’s cost 
and complexity. By the side of such a machine a bent pin 
tied to cotton together with a piece of glass pipe and some 
rubber tubing may well on first impressions seem incapable 
of giving results of any value at all. The ultimate test, however, 
must be the usefulness of the results which each machine affords. 
The bent pin and cotton revealed the proiierties of rhythmical 
structures, and so produced the evidence of the inherent rhythm 
of living structures, as well as the fact that they had two sources 
on energy for their activities instead of the one previously 
believed in. They thereby produced the evidence that the 
science of Physiology had been built on wrong foundations. 
Physiology, however, is also a foimdation science for Medicine, 
and so whatever was faulty in Physiology provides still greater 
fault for Medicine in general. 

The position in the past has been that physiologists as 
a class have handed over to the medical profession the w'rong 
measures for weighing the facts of clinical experience. Every 
phenomenon should therefore be re-measured. It may, however, 
be held as fortunate that while few medical men are machine- 
gun specialists, there are also very few who are not acquainted 
with, the mechanism of motor-cars. Hence we can finally 
point out that living organs are as motors born ticking-over 
with abundant supplies of fuel and lubricant generally available. 
All stimulations are augmentations of a pre-existing activity 
and not the initiation of activity in structures ordinarily at rest. 
As regards the nervous system and its relays, the new conception 
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of rhythmically active or vibrating neurones enables anyone, 
when using his wireless set, to learn more about the mechanism 
of incoordination in fever and dnmkenness than ever he had 
learnt before. 



Section of Physiology. 

Abstractf'. 

1. The nutritive value of Cicer arientinum (Gram). 

D. D. Chattekjee, Agra. 

Gram in sprouting form is more nutritive than in any other form, 
except when mixed with wheat. Wheat is mo..*e biologically nutritive 
than gram. Rice and urid (Phaseolua radiatus) are of less biological 
value than gram. 

Rats on sprouting gram and milk gave the maximmn number of 
yoimg per litter, those fed on gram gave the least. The addition of milk 
to cereals promotes growth. 

2. The biological oxidation of inositol. 

N. Das and B. C. Gtjha, Calcutta. 

The presence of an inositol-oxidizing system in the brain, kidney, 
and heart muscle tissue of the rat has been reported before. In this 
paper the action of certain activators and inhibitors on this dehydrogenase 
system has been investigated. 

3. Experiments with insulin. 

Sbi Krishna, Lucknow. 

Insulin, Lilly brand, is active in doses so small as one-millionth of 
a unit. Such small doses stimulate the heart. Large doses depress and, 
in addition, depress more than they stimulate. Assuming, however, 
that an injection of insulin is spread over about 6,000 c.c. of fluid, it would 
appear that the doses clinically employed stimulate. 

The effects of adrenaline last much longer when insulin is present. 
The maximum effect of the adrenaline, however, takes slightly longer 
to develop. If the latter be taken as evidence that insulin antagonizes 
the action of adrenaline, the former is evidence to the contrary. 

4. Time of appearance of diastatic activity in human saliva. 

S. N. Mathur, Lucknow. 

From the study of the diastatic activity of saliva of a number of 
small infants, the author has fotmd that the belief that an infant, before 
the age of 0 months is unable to digest starchy foods because of the lack 
of any diastatic enzyme in its saliva is not true. A diastatic enzyme has 
been found in infant’s saliva on the very first day of its birth. 

5. Enzyme dextrinase. 

S. N. Mathttb, Lucknow. 

The present author finds that ‘ Ftyalin ’ is a mixture of more than 
one diastatic enzyme, and that the enzyme dextrinase may be one of 
them. This em^me is present at .birth and before the enzyme amylase 
makes its appearance, the latter may not be present for the first few 
di^ after buih. 
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6. The percentage of heemoglobin in ‘ healthy ’ Indians. 

S. N. Mathur, Lucknow. 

If a medical student be taken as a specimen of a ‘ Healthy ’ Indian, 
then tlie percentage of Haemoglobin as compared to the book standards 
is only, on the avereige, between 75 and 80% of the normal. 

7. Seasonal variations in the hsemoglobin in Indians. 

S. N. Mathur, Lucknow. 

There is a regular rise and fall in the percentage of Haemoglobin in 
Indians, and the curve runs parallel with the curve of the outside tem¬ 
perature. 

8. Diastatic enzymes in feeces of horse, cattle, goat, sheep, 

and ass. 


S. N. Mathtje, Lucknow. 

Diastatic enzyme was present in the faeces of all these animals, but 
is most abxmdant in that of the horse. 

9. Changes in H-ion concentration of urine with the meals. 

S. N. Mathue, Lucknow. 

The regular changes in H-ion concentration of saliva with meals, 
recorded by the author elsewhere (Indian Medical Gazette, July 1930), 
are reflected in the urine. 

10. Changes in H-ion concentration of saliva and variations 

in CO 2 tension in the lungs with meals. 

S. N. Mathue, Lucknow. 

Changes in H-ion concentration of saliva occurring with meals, as 
shown elsewhere, are reflected in the COg tension of the lungs. 

11. H-ion concentration of saliva and its relation with the 

H-ion concentration of the gastric juice. 

S. N. Mathue, Lucknow. 

Changes in the H-ion concentration of saliva run parallel with the 
changes in H-ion concentration of the gastric juice. The latter can thus 
be indirectly studied through changes in the pH of saliva. 


12. Cardiac slowing during asphyxia and administration 
of carbon-dioxide, and its effect on minute volume. 

S. N. Matstor, Lucknow, 

It has been shown that during the latw stages of asphyxia and 
administration of carbon-dioxide th^ is a slowing of the heart, which, 
is associated with an increase in minute-volume. This is suggested to 
be a protective mechanism of the hewrt in times of str^s. 
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13. Effects of carbon-dioxide and asphyxia on venous pressure. 

S. N. Mathxjr, Lucknow. 

It is shown that the improvement noted in the output of the heart 
after administration of carbon-dioxide is independent of the venous 
pressure. 

14. Carbon-dioxide and oxygen saturation of blood. 

S. N. Mathtjb, Lucknow. 

After administration of carbon-dioxide the arterial blood is found 
to be much better oxygenated. Carbon-dioxide thus benefits both 
respiration and circulation. 

15. Sequence of events in the failure of vital centres in 

medulla. 

S. N. Mathtje, Lucknow. 

These centres fail in this order, respiratory, cardiac, and vasomotor. 
The latter centre remains active long after the heart has stopped. 

16. Blood pressure and over-ventilation. 

S. N. Mathue, Lucknow. 

The well-known fall of blood pressure in over-ventilation is not only 
duo to failure of the vasomotor centre but to a much larger extent to 
failure of the heart, the beats of which decrease in amplitude due to in¬ 
complete relaxation. 

17. Carbon-dioxide and sunstroke. 

S. N. Mathue, Lucknow. 

With a rise in temperature respirations increase in rate and decrease 
in depth. The latter factor tends to counterbalance the former in main¬ 
taining the normal CO 2 tension in the body fluids. With prolonged ex¬ 
posures, however, the latter factor fails and the CO 2 is washed out. The 
skin capillaries then constrict, and accordingly the heat loss by sweating 
and other physical means is sufficiently diminished. In consequence the 
body temperature suddenly rises. This rise of temperature aggravated 
by loss of COa is responsible for the sudden failure of the cardiac and 
respiratory centres. 

18. Sprouted gram. 

S. N. Mathue, Lucknow. 

Besides the increased content of certain vitamins, sproured gram 
is also more easily digestible than the non-sprouted because of the diastase 
that it produces. On the other hand its digestibility with saliva does 
not increase to any appreciable extent. Taking all things into considera¬ 
tion, it is suggest^ that tomatoes, which are as cheap or even cheaper 
in certain seasons, and similar other fruits which contain a far greater 
amount of vitomimi, be substituted for the sprouted gram with which 
school children are now being treated in many schooh 

19. Coagulation time of vulture’s blood. 

S. N. Mathue, Lucknow. 

If precautions ore taken to prererve its ‘ plasma-protein-complex ’ 
by avoiding contact with tissue fluids, the coagulation time is indeflnite. 
The coagulation time, however, decreases rapidly if the blood be agitated 
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with a water-wetable sabstance or brought in contact with tissue fluids, 
particularly the extracts of glandular tissues, i.e. agents reputed to disturb 
the plasma>protein-oomplez. In this respect the vulture, a pure meat 
eater, resembles the domestic fowl, a vegetable feeder, on which most 
of the experiments done with bird’s blood have been performed. The 
peculiar tendency of delayed coagulation in birds, thus, does not depend 
on diet, but on some other factor. 

20. Some diflEerences in the responses of English and Indian 
cats. 


8. N. Mathttr, Lucknow. 

Indian cats are more resistant to the influence of ansesthetics, e.g. 
in ether anaesthesia they show very little salivation, show a more uniform 
blood pressure, and a steadier heart and respiration rate during operative 
and experimental manipulations; they are on the whole better experi¬ 
mental animals than English cats. 

21. A method of staining neurofibrils. 

B. B. Sarkae, Calcutta. 

Pieces of nervous tissues are fixed in 10% formol. [A tissue which has 
been kept in formol for yearn e.g. human brain preserved in formol also 
gives very good results.] The tissues are then treated with a solution 
containing— 

Tannin .. .. 6 grms. 

Distilled water .. 90 o.c. 

Ammonia (Cone.) .. 10 c.o. 

for several days at laboratory temperature or for 2 to 4 hours at 36°C. 
After removing the tissues from the solution they are rapidly rinsed in 
distilled water and transferred to a large volume of 1% solution of silver 
nitrate and kept in a hot chamber at 40®C. for about 4 hours. Sections 
are cut by embedding the tissues in paraffin in the usual way. 

By this method the nerve fibrils are stained an intense black, the 
nuclei of cells deep brown, and other parts of the section light brown to 
yellow. As serial sections can be out and carefully mounted, it is possible 
to follow the course of the finest fibrils. The stain is very permanent. 

22. The basal metabolism of young men at Hyderabad, 

Deecan. 


8. A. Eahman, Hyderabad (Deccan). 

Basal metaboUsm tests and physical character studies were made 
on 32 young men at Hyderabad. Deccan. Most of the subjects were 
medical students. The nutritional state of the subjects was investigated 
according to the Firquet's system. The average pelidisi for 30 out of 
the 32 subjects was found to be 92:^4. The blood pressure was found 
to be considerably lower compared to the western standards. The 
average systolic blood pressure in 30 out of the 32 subjects was 100*4 ± 
11 mm., the average diastolic pressure 71*8^5 mm., and the average 
pulse pressure 28*6 ±7*2. The basal metabolism was found to be 6*8 
pra cent, below the Harris-Bbnediot and 8*7 per cent, below the Aub> 
Dubois stendaiMis. The faptors which n^ tend to bring abwt this 
low level of metabolism are disoussed. Xhe possibility of the humid 
dimate being a fafitor in lowering metabolism i» suggested. Ag 

of the MibjeetB who were v^jetarians diowed bam meta¬ 
bolism on an alvenage two pw oent. lown* tihan ^t obtained for 
the whole mixed jpob|v^ ?or he^t and age ^ weij^t in ^ group 
of attli^eete ww Is# 1^ Ammean 
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23. Some observations on the Crenation of Red Blood 
Corpuscles. 

N. M. Basu, R. Ghosh, avd B. K. Ghosh, Calcutta. 

Equal volumes of blood and 0*4% Pot. oxalate solution were mixed in 
a tube, 6 c.o. each of normal (isotonic) saline, twice normal (2N), 4N, 8N, 
16N, and 32N were taken in test-tubes and; to each of these 1 drop of the 
diluted blood was added and mixed by rotation. Each of these samples 
of blood was then placed on slides and covered with vaseline at the edge 
so as to prevent evaporation. These were then examined immediately 
and after 45 min. to one horir. Micro-photographs were also taken. 
They reveal a very curious phenomenon. Crenated corpuscles were most 
numerous in isotonic saline and their number dwindle as the strength of 
saline increases. Hsemocytometer coimt show - that the percentage of 
R.B.C. diminishes with increase in strength of saline and some of the 
cells are found to increase* in size in concentrated saline. Discussion of 
these results is given. 

24. Observations on the relation of blood pressure to age, 

height, pulse, and weight of some Bengalee Hindu 
gentlemen. 

N. M. Bash, Calcutta. 

The blood pressure (both systolic and diastolic), pulse, age, height, and 
weight of 76 Bengalee Hindu gentlemen of moderately good health were 
taken. The blood pressure was recorded with a new form of sphygmo- 
oscilloraeter in which the diastolic pressure is obtained by noting the maxi¬ 
mum oscillation of the needle. The relations between blood-pressure (both 
systolic and diastolic) and height, weight, age, and pulse were plotted out 
as curves, the abscissa denoting height, weight, age, and pulse respect¬ 
ively, and ordinates representing systolic and diastolic pressures. These 
curves were compared with similar curves obtained in other countries. 
The variations are noted and the results are discussed. 
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President: —J. M. Sen, Esq., M.Ed., B.Sc., F.R.G.S., F.N.I. 


Presidential Address. 

MEASUREMENT IN EDUCATION. 

Ladies and Gentlemen, 

I feel myself highly honoured by being called upon to 
l)reside over the deliberations of the Psychological Section of the 
Indian Sciemje Congress. At the twelfth session of the (.bngress 
held at Benares in 1925 the Psychological Section had its first 
sitting and since then eminent psychologists like Dr. N. N. Sen 
Gupta, Lt.-Col. Owen Berkeley Hill, Mr. Haridas Bhattacharya, 
Dr. Michael P. West, Dr. M. V. Gopalaswami, Rev. A. S. 
Woodburne, Mr. M. N. Banerji, Dr. Girindra Sekhar Bose, Mr. 
N. S. N. Shastrj^ Dr. S. C. Mitra and others have presided over 
its deliberations. Tn the past 1 attended this Congress rather 
as an edm^ationalist—a school-master—than as a i)sychologist ; 
and I have come to you this year also in the same capacity. I 
have thought this, therefore, a fitting occasion on which fo 
discxiss with you the relation of psychology and education. I 
shall not however discuss all aspects of the relationshi}* that 
exists between psychology and education. Dr. Michael West 
discussed some of the aspects in his presidential address of this 
Section of the Congress in 1928. 1 want to discuss with >ou 

only that aspect of the relationship which is commonly known 
as the Measurement in Education with its logical question— 
Is measurement in education accurate ? 

In all problems of education two things are of fundamental 
importance ; one is the child who is to be educated and the other 
the environment in which he grows up. But both are variables ; 
no one can fully predict what a child is going to be, nor is it 
impossible to change the environment to a certain extent. 
Education is therefore a function of tux> real variables. No 
mathematician can however lay down any precise formula 
governing the relationship of these two variables. 

Common sense says that all human beings are capable of 
education. History of man from the earliest stage goes to 
strengthen this belief. There is however great differentie of 
opinion regarding the nature of the child as raw material on 
which All® educator may work. Some persons consider the 
child as a little angel who comes to this World from heaven 
which is his home ; while others regard him as full of original 
sin. Practical knowledge about children does not fully 
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substantiate the views of any of the theorists. The child is 
neither angel nor devil; nor is he merely a lump of clay to be 
moulded by the teacher into any pattern he likes. 

Every human being comes into this world with certain possi¬ 
bilities and limitations. These must be regarded as things 
given to the child. The child begins life as a sort of field of 
operations for two forces that sometimes work in harmony, 
but frequently oppose each other ; these forces are known as 
heredity and environment. Heredity is generally accepted 
as an ordinary principle of life. ‘ Certain more or less doubtful 
laws of heredity are enunciated, are generally accepted, and 
are acted upon in practical life in connection with medicine 
and insurance in the case of human beings, and in connection 
with breeding and grafting in the case of animals and plants. ’ 
For the teacher the problem of heredity is an enquiry into the 
question of the inheritance of acquired characteristics, vi/..: 
Does the child inherit from his parents qualities that they have 
acquired for themselves during their life time ? In edxication 
the teachers are liable to the fallacy of apparent transmission. 
Characteristics acquired by the fathers may appear among 
the children not because they are transmitted but because 
they are again acquired by the children. Mr. Bernard Shaw, 
who does not believe in the hereditary transmission of charac¬ 
teristics, writes in Man and Sv/perman —‘ The bubble of heredity 
has been pricked. The certainty that acquirements are negli¬ 
gible as elements in practical heredity has demolished the hopes 
of educationists as well as the terrors of the degeneracy mongers ; 
and we now know that there is no hereditary governing class any 
more than a hereditary hooliganism The demonstration of 
the fallacy of the doctrine of the transmission of acquired 
characteristics cannot be regarded as a calamity for education. 
No doubt it shatters the hope that the teacher may produce 
an ever improving set of human beings by accumulated im¬ 
provements in succeeding generations. But it also brings the 
joy of knowing that from however bad a home a child comes 
—^if only he comes early enough—he brings with him no handicap 
from his parents’ acquired traits. This is well illustrated 
in the evidences of the authorities of the Bernado Homes, the 
Salvation Army, and in the records of the municipal and other 
authorities in western countries who have taken means of 
reclaiming the children of depraved and criminal parents. 
Confirmation is to be found in the careful records which the 
Glasgow municipal authorities have kept of some 630 cases of 
chiiihen removed from evil environment when still very yoi^, 
and sent to the country to be brought up in ordinary families 
at the expense of the municipality. Of the six hundred and 
thirty children whose career has been kept under close obser¬ 
vation i<x years, only twenty-three have gwie wrong. Yet 
tht^ ohildi^ caiib from the worst possible stock. At the 
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Psychological Section of the Indian Science Congress held in 
Bombay in January, 1926, I also gave instances of five slum 
boys between the ages of eight and ten who when removed 
to a better environment and given some schooling in the new 
environment in Calcutta, showed a remarkable increase in 
their I.Q.’s (intelligence quotients) within a comparatively short 
period. It is perfectly true that the children of parents who 
had received some education themselves can be taught more 
easily than the children of those who had not the opportunity 
of receiving any education. But all the same the former group 
will have to be educated in almost the same way as the latter 
group. Hence it can be asserted that educability can be trans¬ 
mitted but tlie results of education cannot be transmitted. From 
the point of view of practical teacher the influence of the 
environment is the most important factor. The pupil’s qualities 
must be taken as they are given. But in the matter of environ¬ 
ment the teacher can certainly manipulate it in such a way as 
to produce a definite effect upon the pupil. 

Many educational psychologists attempted to define the 
meaning of the word ‘ intelligence There were almost as 
many definitions as writers and of these definitions no two fully 
conveyed the same meaning. The reason for this is that no 
one knows precisely what intelligence is. No one even knows 
the exact nature of any one of its separate faculties or functions. 
Apart from the formal definitions expounded in recent years, 
it has been described as ‘understanding’ or ‘the capacity 
to understand ’, ‘ intellect ’, ‘ mental acuteness ’, and so on. 
Ebbinghaus had called it ‘ intellectual ability ’ and has said that 
it consists in the ‘elaboration of a whole into its worth and 
meaning by means of many-sided combination, correlation and 
completion of numerous kindred associations ’. Spearman 
looked upon intelligence as a general function, the outward 
manifestation of a high correlation between each of the separate 
functions, while Thorndike has held that it is a multitude of 
functions. But perhaps it would be best to give the term 
‘ intelligence ’ a comprehensive meaning by saying that it 
is the general capacity which consciously adjusts the individual’s 
thinking to new requirements—general mental adaptability to 
new problems and new conditions of life. If this view be 
accepted it will be realized that when it is stated that intelligence 
of an individual increases (though differently in different indivi¬ 
duals) from birth to sixteen or eighteen years of age and there¬ 
after remains constapt, the statement assumes a prominent 
position in regard to his education. For most part of this period 
he is at school and the teacher can help him in increasing not mere¬ 
ly the pupil’s knowledge but his native intelligence as well. It is 
therefore of utmost importance that the conations of the school 
atmosphere should be such that it can help in increasing the 
Intelligence Quotient of each and every individual. Those 
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who are found to be mentally retarded should be sent to special 
schools for mentally defectives where a special atmosphere for 
their education will have to be created. The classification of 
pupils according to mental age therefore becomes a condition 
precedent to good teaching in class rooms. The curve given 
below gives the growth of intelligence of pupils of various types. 



The above curve also illustrates why money is wasted in secondary 
schools for the education of children who are not fit to proceed 
to High Schools ; some of the children are uneducable in ordinary 
schools. With the growth of education ^in India this problem 
is assuming a position of great importance in the administration 
of education by governments and local bodies. 

The science of measurement in education is in its infancy 
and the art of measurement is younger still. Yet both have 
developed in western countries at such a phenomenal rate during 
t^e last twenty-five years as to make tlm movement the most 
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dramatic tendency in modern education. The American 
educationist William McCall states that ‘ the art of measurement 
is younger than the science of measurement because the abler 
workers have, of necessity, devoted their energies almost 
exclusively to the origination of fundamental technique. But 
the whole movement was so promising in the way of concrete 
assistance in meeting educational problems tW practical 
educators have irresistibly demanded that the science of measure¬ 
ment be turned into the art of measurement almost overnight. 
Hence the last few years have witnessed a feverish effort to 
meet these demands. The result has been numerous mistakes 
and remarkable successes ’. 

When mental testing was first introduced in France and 
in the U.S.A., the need for Group Tests was hardly felt. The 
children in these countries were tested individually by the 
Binet-Simon Scale and the Stanford Revision of it. The children 
were given individually a few psychological tests ranging from 
simple sensory and motor tests of voluntary attention. Then 
calculations were made to find out to what extent the results 
agreed with the teachers’ empirical estimate of the general 
intelligence of these children. The higher the correlation 
between the results obtained by mental testing and the teachers’ 
empiritial estimate the more satisfactory was the set of tests 
regarded as an index of intelligence. Several tests were devised 
by th(i psychologists in England, Franco, and the U.S.A. to 
test the general intelligence of children by measuring the power 
of thinking and the power to understand and to reason. Oral 
and individual testing is no doubt considered more searching 
than written and collective testing. But by the former method 
it *akes a long time to test a few hundred children. Hence 
the need for Group Tests was keenly felt; and the stern necessity 
of the Great War (1914—18) gave birth to it in America. The 
psychologists were asked by the Array Authorities to declare 
quickly who, out of a largo number of recruits, could be taken 
in the Army as privates and commissioned and non-commissioned 
ofi&cers, and who should be altogether rejected on the ground 
of incompetency duo to the insufficient general intelligence. 
So successful and so impressive Were the results of the Group 
testing in the Army that after the War such tests wore intro¬ 
duced into many colleges and schools in the U.S.A. and England. 
In India up to the year 1921 only a few isolated experiments 
with intelligence tests had been conducted by missionaries 
engaged in, educational work, amongst whom may be mentioned 
the Rev. E. L. King of ISTarsinghpur and the Rev. D. S. Herrick 
of Bangalore. After 1921 the Bureau of Education of the 
Government of India devised a series of tests based on the 
Stanford Revision of the Binet-Simon Tests suitable for children 
attending Indian schools. Experiments with these tests were 
carried on by Miss Gordon of Saidapet, Dr. Michael West of 
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Dacca, Mr. Spence of Jubbulpore, and Mr. Wyatt of Lahore. 
A Hindustani Binet Scale was also devised by Dr. C. Herbert 
Rice of the Forman Christian College, Lahore, in 1925. During 
the years 1924 and 1925, Group Tests based on the Otis Intel* 
ligence Scale were first devised in India by myself working in 
collaboration with Professor G. Dasgupta of the David Hare 
Training College; and papers on the subject were read and 
discussed at the Indian Science Congress held in 1925 and 1926. 
Subsequently Professor P. C, Mahalanobis of the Presidency 
College devised certain tests and the results obtained by him 
and his collaborators Were published in the Sankhyd (The Indian 
Journal of Statistics). During the last ten years several other 
workers have also b^n working on the same lines in different 
parts of India. 

Some of the tests are used to test (i) the ability to carry 
out commands, (ii) the ability to work out reasoning problems 
in arithmetic, (iii) the ability to select the best reason for a 
statement, (iv) the ability to detect likeness or differences, (v) 
the ability to reorganize disarranged sentences and to indicate 
whether a sentence is true or false, (vi) the ability to complete 
series of numbers, (vii) the ability to select by analogy, and (viii) 
the range of general information. There are also tests covering 
the following subjects: (a) information, (6) similarities, (c) memory, 
(d) absurdities, (e) comparisons, (/) relationships, (g) symmetries, 
(h) des^ns, (i) counting, and {j) directions. Some tests like the 
Sen and Dasj^pta Tests (based on the Otis Intelligence Scale) 
are designed to measure (1) ability to follow directions, (2) 
ability to copy designs, (3) ability to compare pictures as to 
likeness or differences, (4) ability to complete pictures, (5) ability 
to accompany symbols with certain digits, and (6) ability 
to compare words as to sameness or oppositeness in meaning. 

With the introduction of compulsory elementary education 
in the different provinces of India the problem of classification 
of scholars fit to proceed for secondary education is assuming 
a gigantic proportion on account of milHons of children coming 
within the scope of educational laws. A quick process of classi¬ 
fication is possible by application of educational tests. The 
purpose of the testing programme is fourfold, viz. (a) to deter¬ 
mine as nearly as possible the native capacity for learning 
possessed by each pupil, (6) to determine each pupil’s present 
educational achievement or attainment, (c) to effect better 
grade placement for those pupils not properly graded, (d) to 
report the test results in such a way that the teacher would be 
able to make the greatest possible use <ff them. The tests 
which ought to be devised for the purpose may vary in differmit 
provinces to suit local conditions but certain non-language 
tests can also be prepared which can be applied generally in any 
part of Ituiia. In the preparation of the tests the following 
criteria must be home in mind: (i) Are the‘tests the best 
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ones to 3 n[eld the desired measure ? (ii) Do the tests yield 
highly reliable and valid results ? (iii) Are the tests scorable 
by imtramed persons under supervision ? (iv) Are satisfactory 
norms or standards available 1 (v) Are the tests scientifically 
standardized in all respect 1 The task is gigantic and is not an 
easy one. Help of the Government of India, of the Provincial 
Governments and of the Indian States which want to introduce 
compulsory education is absolutely necessary to make the 
scheme a success. It may however be stated that if the tests 
can be applied at different stages in the career of each pupil 
then waste in many directions can be prevented. 

So far as college education is concerned it is necessary to 
devise some accomplishment or achievement tests. Any adequate 
evaluation of the effectiveness of instruction in a particular 
college course or department requires the use of methods of 
measuring the results of instruction which give valid evidence of 
the degree to which students are reacliing each of the important 
objectives of the course or of the department. Usually college 
instructors base their estimates of success upon subjective judg¬ 
ments of the students’ abilities as demonstrated in term jiapers 
and in traditional examinations. But in developing a method for 
measuring the students’ attainments in each of the important 
objectives of college work it is essential that all important objec¬ 
tives should be included. Those objectives which are accepted 
by a given college must be considered in any adequate pro¬ 
gramme of measurement of the effectiveness of the institution. 
These are:— 

Type A: 

Acquisition of information—^which includes recalling specific 
facts, terminology, and statements of general principles. 

Type B : 

Reasoning or utilizing scientific method—^which includes 
induction, testing hypotheses, and deduction. 

Type C: 

Locating relevant data—-which includes a knowledge of 
sources of usable data and skill in getting information from 
appropriate sources. 

Type D: 

Skill characteristic of a particular subject—^which includes 
laboratory skill in the sciences, mathematical skill, and the 
like. 

Type E : 

Applying standards to technical performance—^which in¬ 
cludes the knowledge of appropriate standards, ability to 
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evaluate the relative importance of several standards which 
apply, and skill in applying these standards. 

Type F: 

Making reports—which includes the necessary skill in 
reporting projects in engineering, or reporting experiments in 
science, and the like. 

Type 0: 

Consistency in applying a point of view—^which is deemed 
important in courses in philosophy. 

Type H: 

Interest in important social problems—^which includes 
interest in reading about and in investigating problems. 

Type I: 

Enjoyment in wholesome recreational activities—which 
includes enjoyment of literature, music, and art. 

Type J: 

Character—^which is inclusive and may well involve many 
specific factors. 

While science as the pursuit of power is becoming increasing¬ 
ly triumphant, science as the pursuit of truth is being killed by a 
scepticism which the skill of the man of science has generated. 
As long as science was a search for truth—^a truth independent 
of human interest or purpose—^the scientist might ignore the 
human factor. But, if science is the pursuit of power, it must 
be power to some end. This end must always be determined 
by reference to human well-being. Educational research 
which builds, on the assumptions, the laws, and the techniques 
of the physical sciences, should sense in this interpretation 
a challenge to a critical consideration of its own values and 
practices. For a challenge exists, and reconstruction in the 
philosophy and programme of research is sadly needed. What 
are the implications of this reconstruction in science ? The 
careful selection of problems in terms of their significance for 
human well-being and happiness is of basic importance in re- 
search. In the main, the research worker in education has been 
without a vision—a slave of conventional education. He has 
improved and polished its plraotioes, but he has not challenged 
its fundamental assumptions. Beading as reading is taught 
better; abstract numbers are mastered more rapidly and 
permanently; examinations are more detailed and reliable 
W still factual. In many respects he is like a piece-worker 
in a big factoiy, doing his bit in the service of some larger plan 
that he does not question or evaluate. If he would meet the 
challenge, Im hmst become a philosopher and choose which 
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values he will serve. He must also give up his sense of finality 
and authority. The educational scientist is sometimes found to 
be conceited and arrogant; he lacks the intellectual humility of 
the true scientist. But the foundation of his conceit has been 
destroyed by the research of the physicist; the laws of science 
are conventional and convenient arrangements, never more 
than approximation; they are generalizations, invaluable as 
guides to thinking. Through adherence to the old interpretation, 
science, which has been the major instrument for liberating the 
intelligence of the race, became the agency in the hands of 
scientists in education for making the exercise of intelligence by 
lesser individuals unnecessary. It is a false conception of the 
function of science to determine, for instance, the most common 
interests of children in nature or in reading, and then to prescribe 
a curriculum for all children, which means ten thousand unique 
individuals, upon that basis. Such data are invaluable tools 
for the teacher, but as patterns they are abortive. The research 
worker in the field of education must select his problems by 
their humifi significance. He must have a standard of values. 
From modern philosophy and science come these suggestions. 
Educational research should be engaged primarily with problems 
that concern the realization of a more dynamic organism, a 
democratic way of life, and a liberated but disciplined intelli¬ 
gence. Suppose we examine the conventional school in whose 
service the educational psychologist has willingly and indus¬ 
triously enlisted. What does it seek as its goal ? Is it organized 
to instil interests and drives ? Does it increase dynamic ? Is 
it organized to make thinkers ? Does it foster the inquiring 
mind ? Does it practise its pupils in the methods of child 
research ? The answer is an almost universal negative. 

I have already mentioned that a change in environmental 
conditions can accelerate the growth of intelligence of a pupil 
prior to his attaining the age of sixteen. The secret of evolution 
lies, in short, with the environment. In the environment, 
in that in which things live and move and have their being, 
is found the secret of their being, and especially of their becoming. 
And what is that in which thi^ live and move and have their 
being ? It is Nature, the World, the Cosmos—and something 
more, some one more, an Infinite Intelligence. Everything 
that lives, lives in virtue of its correspondences with this environ¬ 
ment. Evohdion is not to unfold from within ; it is to infold from 
wUhout, Growth is no mere extension from a root but a taking 
possession of, or a being possessed by, an ever-widening en¬ 
vironment, a continuous process of assimilation of the seen or 
unseen, a ceaseless redistribution of energies flowing into the 
evolving organism from the Universe around it. The supreme 
faot(» in all development is environment. If a tree is to be 
judged in terms of the immediate environment of its roots, 
it is a olay tree; but if it is to be judged by stem, leaves, and 
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fruit, it is not a clay tree. If the moral or the social organism 
is to he judged in terms of the higher influences which enter into 
the making of its stem, leaves, and fruit, it is not a material 
organism. Everythii^ that lives, and every part of everything 
that lives, enters into relation with different parts of the environ¬ 
ment and with different things in the environment. A child 
does not grow by spontaneous unfoldings. The process is 
fed from without. The body assimilates food, the mind assi¬ 
milates books, the moral nature draws upon affections; the 
religious tendencies nourish the higher being with ideals. Time 
brings not only more things, but new things. It is therefore 
clear that the main function of the teacher is to create an at¬ 
mosphere in which the mind of the child can grow unimpeded 
in various directions, and in which the general intelligence 
(or the central intellective factor ‘ G ’, as it is called by Professor 
Spearman) can grow freely and thereby help in producing a 
better type of man. 

In the early days of intelligence testing eminent psycholo¬ 
gists committed themselves to extravagant programmes. One 
of these was the notion of ‘homogeneous grouping’. How a 
psychologist, of all people, and an educational psychologist at 
that, could use such a phrase must remain a mystery. Like the 
* purple cow ’ of the nonsense rhyme, I have never seen a homo¬ 
geneous group; I never hope to see one. However you group 
children, scientifically or unscientifically, by guess or by test, 
by intuition or by rule, the one sure thing is that the pupils will 
remain individually unique and different. Lately the much 
sounder expression, ‘ ability grouping ’, has gained acceptance. 
But ability has been again too narrowly conceived in terms of 
intelligence as measured by tests or of ‘ school achievement 
or of some combination of these two. Now it is hardly to be 
questioned that ability as thus defined is a primary factor in 
a child’s adjustment to the schools, not only of to-day but as 
they will be when progressive educators shall have remodelled 
them. In practice, however, grave administrative difficulties will 
have to be encounWed. Trait differences, that is the difference 
from ability to ability within the single individual, have proved 
almost as great and far more troublesome than the differences 
between individuals. Hi despair, many educators have concluded 
that by having groups of one pupil each can we really adjust to 
abilities. There is no need here to speak of either the adminis¬ 
trative or the pedagogical objections to such a completely 
individualized programme. It is clearly the counsel of despair 
and so far as I am aware no one has actually proposed it for our 
schools. Certainly no school practises it. Practical teachers 
and educationists reached the conclusion that the individual 
must become the real unit of -teaching, though for economic 
reasons, the class could not be comfortably abolished. At 
the preset mranent we all believe in ability grouping but we 



( 11 ) 


Presidential Address, 


531 


do nothing about it—or at least too little. We continue to 
group children according to the most mechanical and arbitrary 
of all possible bases, that of age from birth. That for many 
children, perhaps, for most, this works well enough is, of course, 
the answer of sloth. We dan nqt be satisfied till we have 
secure(^for every child that combination of associations with 
his fellows which is most fruitful for him in the light of all his 
abilities, all his attitudes, all his traits of personality. This 
is not easy. It requires detailed knowledge of not only the child 
to be grouped, but the other children with whom he is to be 
associated. Equally clearly, it calls for a flexibility of adminis¬ 
trative arrangements and a flexibility and imagination of teaching 
which is literally nowhere yet attained. Until we have inorti 
clearly seen and more honestly striven for these ends, the term 
ability grouping may serve with others to remind us of our 
supreme duty to the individual child. 

I have already discussed the problems concerning general 
intelligence tests, memory tests, reasoning tests, ability tests, 
vwational tests (i.e. tests for determining skill for a particular 
vocation in life) in schools and colleges. But these do not cover 
all types of pupils. There are patient plodders in all Walks of 
life and it is worth while finding them out while they are in 
educational institutions. By means of a series of tests, Dr. 
E. Webb lias determined that there is a second central factor 
in life known as ‘ the persistence of motives ’ (denoted by ‘ W ’). 
Even this cannot explain all cases. Mr. Maxwell Garnett has 
brought to light a tlijrd independent factor, viz. ‘originality’ 
or ‘ cleverness ’ (denoted by ‘ C ’). High values of ‘ C ’ charac¬ 
terize men of genius and first rate artists, poets, and scientists. 
My own teacher. Sir T. Percy Nunn of the University of London, 
regards ‘ that the general nature of a person’s endowment may 
be registered by a single point in a tri-dimensional record or 
graph, the co-ordinates of the point being the values of the three 
independent factors “ G ”, “ W ”, and “ 0 ” described by Spear¬ 
man, Webb, and Maxwell Garnett ’. These fascinating researches 
enable us to determine ‘ the promise and potency of the indivi¬ 
dual so far as these depend on his endowment ’. These however 
prove that there cannot be any clash of interests of individual 
pupils in class room and outside. All tlxree factors ‘ G ’, ‘ W ’, and 
‘ C ’ cannot be identical even in two cases, not to speak of three 
or more cases. Hence it is necessary to develop the potentia-. 
lities of a pupil during his school age by creating for him an 
atmosphere of study and character congenial to all and not 
mimical to the best interests of the society as a whole. This 
is the task which the teachers of our country will have to face 
under the stress and strain of the new political, social, economic, 
and religious consciousness which has engulfed us all. The 
task is gigantic, but I feel sure that the teachers will rise equal to 
the task, if governments undertake to train them for the purpose 
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of discharging their obligations to the future citizens of the 
countiy. The problem has been kept hanging for a long time. 
It cannot irait any longer for a solution. It must be taken up 
at once by all those who have the best interests of their cotmtry 
at heart. 



Section of Psychology. 

Abstracts. 


1. Laws in Psychology. 

S. C. Mitba, Calcutta. 

What is a Scientific Law ? Are there well-established Lawn in 
Psychology ? Consideration of some laws; Weber-Fechner’s Law, 
JoBt’s Law, Yierordt’s Law, Cermak’s Law, Laws of Association, and other 
Laws. Conclusion. 


2. Theories and levels of consciousn^s. 

B. C. Ghosh, Calcutta. 

(a) The meanings of consciousnees and its relation to experience 
and behaviour. (6) Its psychological characteristics—its physiological 
bases—its physical contrasts and analogies, (c) Theories; ancient and 
modem : static and d3mamic. (d) Levels of consciousness—sensation level; 
perceptual, conceptual, and intuition levels, (e) The unconscious—older 
views—views of psychoanalytic schools—^hormio and gestalt standpoints. 
(/) Antagonisms to the concepts of consciousness—similar antagonism to 
purpose. 


3. The inadequacy of Electra Complex in explaining human 
life. 

Satyanauda Eoy, Calcutta. 

(a) The myth of Electra and the doom associated with it. Its 
significance from the Non-Freudian point of view. (6) The Electra 
Complex as developed by the Freudians and its counterpart the Oedipus 
Complex. The Freudian reading sex into domestic eund social relation¬ 
ships not based upon facts, but on a generalization arrived at by univer¬ 
salizing a particular, (c) A modem version of Electra Complex as 
noticed in Eugene O’Neill’s play ‘ Mourning Becomes Electra ’—a psycho¬ 
analytic play par excellence, (d) Do we need the help of an Electra 
Complex to explain hmnan life in one of its very important phases ? 
The answer is in the negative. The Electra Complex does not explain. 


4. On the Hindu Psychology of rasas and emotions. 

M. N. Baneeji, Calcutta. 


6. An experimental study of certain qualities of the sense of 
touch. 

Satyananda Roy, Calcutta. 

{af As long ago as 1886, G. Stanley Hall and H. Donaldson suggested 
that what the old psychology called Touch was just opening experi- 
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niontal domain of great breadth. The inveatigators in this field in Europe 
and America were no more in agreement as regards their findings than in 
their theories. The olaMic experiments of (^Idsoheider and Von Frey 
in Qermany and Henry Head in England did leave room for further 
experimentation. Psychologists usually accept one of these classic 
theories or make a compromise as will be evident from a reading of the 
text-books on psychology. (6) An experimental attack was, therefore, 
thought necessary to investigate the nature of the touch qualities usually 
called pressure and cutaneous or prick, and also to determine the nature 
of the distribution of sensitivity in the skin for these qualities. The 
experimental work was undertaken by the author of the paper in the 
laboratory of the Clark University, U.S.A., in 1925, under the guidance 
of Professor John P. Nafe. (c) The author’s conclusions are: (i) There 
are no specific spots on the skin that mediate only pain or only pressure ; 
(ii) it is no longer possible for us to accept the classic theories of cutaneous 
qualities as held by such investigators as Blix, Goldscheider, Von Frey, 
and their followers; (iii) the fact that any point or any structure can give 
rise to any report of a touch quality places us in a position where we 
can no longer adhere to the theory of punctuate sensibility, which points 
to specific spots for the different touch qualities—at least for two qualities 
of pressure and pain. 

6. The thermal sense. 

K. C. Mvkherji, Dacca. 

A theory has been suggested to reconcile the paradox ‘ cold ’ and 
the ‘ physiological zero ’ point of temperature. 

7. Laughter. 

Udai Bhantj Bhaiyaji, Indore. 

The paper suggests that laughter is an effervescing of an emotion in 
a disturbed state of mind. An emotional safety valve is lifted and the 
noise which is produced by the chattering of the valve is called laughter. 


8. iEsthetic perception. 

S. G. Mitra and R. Ghosh, Calcutta. 

VTiat it is—Current theories—^Experimental studies of Fechner, 
Lipps, Prof. L. J. Martin, Miss E. D. Puffer, and Rudolf Schulze. Present 
work from a new standpoint—^the plan of the experiment—influence of 
age, sex, etc., on sssthetioal perception—other conclusions. A tentative 
new theory suggested—further lines of work. 

9. A new concept of primary colours. 

S. K. Bose, Calcutta. 

The current doctrine of primary colours and their geometrical repre¬ 
sentation in the form of a solid continuum are illogioal and contradictory 
to experience. The colour system built partly of finite degrM of unlike- 
ness (e.g. Bed to Orange) and partly of infinite degree of unlikeness {e.g. 
Red to Yellow), is to 1^ given up in favour of a iw^tem more in keeping 
with modem mathematical standpoint and imbiaa^ introspective reports. 
Tbm is no continuous transition from one colour to any other. Mature 
conception (e.g. Orange^sRed-l-Yellow) are to be abandoned and a 
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different mode of analysis to be adopted. The proposed concept of primary 
colours is in relation to social and environmental influences on vision 
and is based on biological and psychological considerations. The experi* 
rcents of Pikler and Dimmick and the views of Troland and Hartshorn 
have been discussed. The writer’s own introspective analysis is in support 
of the new concept. 

10. Application of newly devised tests to find how children of 

seven years reason. 

Miss S. B. Gtjpta, Calcutta. 

(a) An analysis of the situations followed by a description of the 
relations involved in the tests; the relations involved: (i) Association, 

(ii) Likeness and difference, (iii) Effect and Cause, (iv) Attribution. 
(b) Analysis of children’s answers shows that successful answers can be 
divided into three groups, viz. (i) decision without verification, (ii) 
suggestion, (iii) suggestion with explanation, (c'l Reproduction of the 
story to fin d whether the children have really retained and understood 
the story. Answers are classified as follows : (i) simple reproduction, 
(ii) explanation, (iii) inability, (d) Conclusion—successful children show 
that there were some definite stages of reasoning arrived at by different 
children, viz. (i) groping for the true relation and hazarding a hypo¬ 
thesis, (ii) comparison and verification, (iii) selection and perhaps gene¬ 
ralization or in the words of Spearman—Apprehension of experience, 
Eduction of relations, and Eduction of correlates. 

11. Learning curve of a mentally deficient child. 

S. C. SiNHA, Shusang. 

The paper reports the results of training a mentally deficient child 
and studios the peculiarities of the learning curve. 

12. Memory and intelligence. 

S. S. Jalota, Lahore. 

In the earliest days of ‘ Intelligence Testing ’, a test on memory 
was usually included by Binet and others. Later on its inclusion has 
been discredited by Spearman, etc. 

The common formula for scoring is ‘twice Right-minus-Wrong’ 
2(fZ—IF). It is theoretically held to be useful for eliminating guessing. 
But, this formula gives a large number of scro-scores. This becomes 
particularly troublesome if the results are to be given in ‘ corrected ’ 
form (Kitson). To avoid the above, the formula was modified as ‘ twice- 
Right minus Wrong ’ (2/2— W). By its use we have found the following 
advantages in an investigation of 1,016 students from various High 
Schools and Colleges at Lahore (1934-35):— 

(i) The number of zero-scores is reduced to a negligible quantity. 

(ii) The average score shows a significant increase. The minimiun 

found was 32*62% nearly. 

(iii) The frequency distribution of the scores obtained by this formula, 

practically assumes the form of the normal curve. The 

maximum deviation (Pearson’s ^s—S) was —*2111 only. 

(iv) The inter-correlations with the other component tests show 

a small mean increase (*0379). 

(v) The coefficient of correlation with the scores obtained by the 

use of the common formula is very high {-}-*98, ±*007). 

Hence, in view of the immense practical advantages, and specially 
of (v), it is.intended that the theoretical (t) superiority of the other 
formula may be neglected in common practice. 
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13. A comparative study of measures of intelligence. 

P. C. Mahalanobis and J. C. Sbn, Calcutta. 

This paper is baeed on the scores of 1,212 Bengal school children 
in a group of intelligence through the medium of Bengali language. 

The reliability of the test, age variation of scores, and the distribution 
of the I.Q. (IhtelUgenoe Quotient) have been discussed in three previous 
papers (SankhyS: Thi Indian Journal of Statistusa, Vol. I, Port I, 
pages 2Ci-49; Parts II and III, pages 231-244; Part IV, pages 407-426). 

The present paper gives a comparative study of the intelligence 
measure which is de^ed as the actually observed score minus graduated 
average score for the same age group ^vided by the graduated standard 
deviation for the age group. It is ^own that while the average I.Q. 
differs appreciably with age, the intelUgenoe measure is completely in¬ 
dependent of age. The standard deviations of the I.Q. also (^er signi- 
hcantly for different age-groups, but the standard deviations of the intelli¬ 
gence measure are sensibly equal to unity for all groups. The advantages 
of the intelligence measure are discussed in detail. 


14. The reliability of a group intelligence test: A new method 

S. S, Jalota, Lahore. 

There are many methods for finding the reliability of an Intelligence 
Test. It is submitted that the present method contains the essential 
advantages of most of them; besides that it is a labour saving device. 
Further, it extends the field of investigation, and thus seeks to eliminate 
the re-testing of the same students. 

The method is as follows: The total score percentile ratings are 
found for adjacent grades. The form of the class is supposed to remain 
the same during successive periods of its growth. Hence, the percentile 
ratings give us about 20 representative values in each grade. The co- 
efGloients of correlation of the adjacent grades give us the reliability value 
of the test-battery. 

A large scale intelligence testing programme was carried out with 
some 2,400 students &om various High Schools and Colleges at Lahore 
(1934-36)—Tests were given in English to 969 students ; and 1,494 students 
were tested in vernacular (Hindi and Urdu). The reliability coeifloients 
were found to be uniformly high. The minimum in the case of English 
testa was (fi.8)+'985, t*004( and that for vernaculars was (rg. 9 )-f *9849, 
f0012. 


15. A statistical study of marks in the annual and test examina¬ 
tions in relation to University results in lA.. and I.Sc. 
examinations in Bengal. 

P. C. Mahalakobis and J), P. Aohaeya, Calcutta. 

This pap^ gives a preliminary discussion of the correlation between 
the maiks in the annual and the test examinations in a Bernal College 
in relation to the Univexnty results for five years. It is found that 
students who are placed in tiie first divuton in the University examination, 
score signifioantly higier marks, but the difibrencas are small and not 
always significant, ^ere is peacticaJly nothing to choose between the 
thM divmon boys and the fiutod eandidaies. It is ateo found that the 
prognostio value of ^e annual examination taken one year earlier is 
practioally the aaoie as that of the test examination usually taken only 
I or 8 months before the Univearsity examhietion. 
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16. The evolution of the Instinot. 

N. S. N. Sastby, Mysore. 

Life-process and Life-expression are one continuous process. The 
misleading view that it has to be broken into tropisms, reflexes, instincts 
etc., to be properly understood, is beset with great dangers since the real 
significance and nature of the Life-process may be lost sight of. A 
necessity of recognising the unitary nature of the expression of life is 
urged. 

Tropism being found inadequate to explain behaviour, the reflex 
concept was used. But this was found inadequate to explain complicated 
types of behaviour. So the term instinct was used to explain these and 
other complicated types of behaviour. 

The nature of reflex is discussed to show how it can change. The 
evolution of the so-called instinct from reflex is traced. The determina¬ 
tion of the response patterns in which the reflex has to realise itself is 
shown to be the basis of the origination of the instinot. 

The nature of the instinct is discussed with a view to show that the 
necessity of overcoming the obstacle was the cause for the stepping-on 
of emotion. The presence of emotion and the play of instinct in ever- 
changing environment necessitated the presence and co-operation of intelli¬ 
gence. 




GENERAL DISCUSSIONS. 

Section of Chemistry, 

I; THE SCOPE OF PREPARATION OF FINE 
CHEMICALS IN INDIA. 

Opening Remarks by the President. 

The absence of any fine chemical industry in India is a great handicap 
to all the laboratories and other consumers. Striking out an average 
from the import figures, it is seen that India has been spending annually 
about 500 lakhs of rupees on chemicals and another 400 lakhs on dyes and 
colours. Unfortunately, there are no separate figures available for fine 
chemicals. 

Indian researchers in the field of chemistry—especially in organic 
chemistry—^havo often to suspend or change the theme of their work for 
want of the necessary chemicals. There are two main reasons for such a 
mishap. Firstly, the cost of the chemical may be very high, and secondly 
it may be that the substance being not a catalogued one, and not stocked 
for ready sale, may have to be specially ordered. Even when such special 
orders are placed, sometimes it happens that after a lapse of some three 
or four months the firms concerned simply report their inability to under- 
take the preparations. Evidently the delay and disappointment are due 
to the non-existence of any chemical manufacturers in India. In addition 
to the chemist researchers, workers in other sciences also require rare 
and costly organic chemicals. 

Great as the needs of researchers are for these fine chemicals, greater 
are their civic applications. The spread of modem civilization has 
increased the chemical needs of India. The establishment of modem 
hospitals and the wide popularity enjoyed by the synthetic medicines, 
call for an early establishment of a fine chemical industry in this country. 


The Prepakation Section. 

Mindful of these difficulties and necessities, it was thought worth while 
giving a trial to a scheme of semi-large-scale preparation of some of the 
necessary costly research chemicals in India, with the hope that if this 
enterprise proved to be profitable, it might give rise to a national fine 
chemical industry which India lacks very badly. 

The Preparation Section attached to the Department of Organic 
Chemistpy, Indian Institute of Science, Bangalore, was started in 1930. 
During the first two years of its existence, one assistant with the help of 
one laboratory bearer used to ran the section. With the sustained activity 
of the section, with its importance and utility being ever on the increase, 
its staff had been strengthened by two more preparation assistants. Its 
activities are now confined to two rooms of dimensions 28 ft. x 32 ft., and 
23 ft. X 32 ft. Besides preparing almost all the costly organic chemicals, 
it has proved its usefulness by recovering good quantities of solvents and 
some other costly chemicals. It has, moreover, maintained a constant 
supply of anhydrous solvents to the workers of all the chemical depart¬ 
ments. It can well be claimed now that the Preparation Section has 
become an indispensable addendum to the department. No additional 
apparatus, other than that available in the Institute chemical stores, has 
been purchased. The necessary water-baths, stills, ovens, stirring and 
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shaking appliances and other reqTUsites have always been prepared in th» 
departmental workshop. 


Advantages gained. 

Within th^e five years, more than two hxmdred different ohemicBlB 
have been pr^ared, some of them in considerable quantities. The 
advantages gained may be summarized thus ; (1) The immediate avail¬ 
ability of the chemical quickens the work on hand. (2) The purity of the 
substance, has always been a great satisfaction. (3) Almost all those 
chemicals have been prepared at a considerably cheaper cost. (4) The 
existence of such a Preparation Section is of additional instructional value 
to the students. The low cost of labour is one of the main contributory 
factors for the low cost of production. 

When an experimented scheme, such as the Preparation Section, has 
to be viewed on a commercial basis, the points to be considered are many. 
The section, being meant to supply the demand of a few only, has to 
prepare a limited number of subsl^ces in limited quantities; whereas, in 
a factory, which will have to satisfy the demands from all, the number 
will run into thousands emly and the quantity may be considerable. It 
will be possible to nm such a series of experiments that the bye-product 
in one can profitably bo utilized in another. A larger number of pre¬ 
parations and a careful recovery and utilization of bye-products will 
effect much saving of money. In the Preparation Section mentioned here, 
only glass vessels have been used, but in a factory metallic and enamelled 
vessels should be used wherever convenient so that loss due to breakages 
might be minimized. With the help of a good workshop it must be possible 
to p^are most of the necessary metallic apparatus locally. 

Ime processes as given in literature require preliminary trials, and 
very often some modifications had to be effected to get the maximum 
yield. The experience gained in overcoming difficulties arising in the 
early stages had alwaj^ l^n of groat help in the subsequent preparations. 
The chemicals were prepared according to our needs and as we succeeded 
in almost every case I venture to suggest that attempts to make other 
chemicals should be similarly successful. 

Possibility oe oommbboialization ; Kodak histoby. 

Besides the question of solving the problem of a ready supply of 
chemicals to the laboratories, the Preparation Section has shown the 
possibility of a new and necessary fine chemical industry in India. The 
cost of production has been so low, particukrly in the case of highly 
priced chemicals, that one is led to an assurance of success if the scheme 
could be elaborated into a commercial scale. 

In this connection, it would be worth while reviewing the origin and 
developmoat of the Department of Synthetic Chemistry of the Eastman 
Kodak Company of Rochester, New York, which had its begiimmgs in a 
similar small-8<^e laboratory enterprise. For nearly half a century 
ending with the commencement of tne Great World War, Germany was 
holdi]^ the sole monopoly for fine chemicals. With the onset of war the 
Germans stopped exporting their chomicals. This opened the eyes of 
Great Britain and America who have smee then worked up their chemical 
resources in such a manner that theynare among the world-competitors 
to-day. During the vacation months of 1916 Professor C. G. Derick of the 
University of lUinois with his students prepmed in bis laboratory a number 
of urganio chemicals required for immediate use. This line of work was 
ably pursued end extended by Prof. Roger Adams and his oolleagues. 
Acting upon the suggestion and with the support of these professors, the 
Eastman Kodak C^pany started their ' Department of Synt^io 
Ohemistty ’ in Septemfc^ 1918. In their first annual report, the Kodak 
people say that they had incurred a loss of 14,822 dollam. This naturally 
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■damped their enthusieem : the more so because, the war having come to 
an end by then, cheap foieign chemicals found an easy way into America 
once again. Therefore they appealed to the various University authorities 
and ot^er consumers that unless their products were supported inlemd, they 
would better cease preparing them. The appeal was accepted in the 
right spirit with the result that a department which prepared only 150 
chemicals in the first few years has got to-day a list of more than 3,000 
useful and rare chemicals in their catalogue. 

Now that the efforts of the Preparetion Section have proved to be 
definitely satisfactory, it is desirable that an attempt at commercialization 
of such a scheme should be made by our capitalists, the Kodak history 
acting as an additional stimulus. From the experience gathered so far, 
it can be said that almost all the costly chemicals can be prepared at 
competitive prices locally even starting with ordinary chemicals imported 
from Europe. Once a fine chemical concern comes into existence and 
assures a steady demand for the raw products, need will arise for their 
manufacture. Not until then will the outpouring of money in exchange 
for foreign chemicals stop in India. The dispaiity of cost between an 
ordinary chemical and one marked ‘ reagent ’ is very big. The unemploy¬ 
ment of qualified young chemists in India warrants that preparation and 
standardization of reagents, and purification of crude imported chemicals 
for medicinal and analytical purposes, locally, would bo profitable. The 
present problem of unemployment among graduates in science has been 
used as an argument to say that there is an over-production. But, 
tmlike many of the Arts subjects, chemistry should primarily be meant 
for application in other apheres than in universities and colleges. With a 
well-directed move to establish ohomioal industries in India, the time may 
not be far off when our universities will have to produce more and more 
qualified men. 

Some important points for consideration. 

(а) The conditions of preparation of fine chemicals are rigid indeed. 
Strict adherence to specific temperature, pressure, duration and con¬ 
centration is an essential factor in a successful chemical operation. As the 
number of chemicals and the processes involved in their preparation are 
enormous, the fine chemical manufacturer, unlike a sugar or a soap 
manufacturer, cannot put up a single plant and repeat the same process day 
in and day out. Every class of preparation will require a particular sort 
of apparatus set up specially for it, and perhaps sometimes trial runs will 
lisve to be made before the right conditions are ascertained. Therefore, 
-skilled labour and highly skilled supervision and the existence of a research 
section are a few of the essentials for the success of a fine chemical industry. 

(б) The economics of chemical manufacture lie in the successful 
recovery and utilization of bye-products. In the preparation and purifica¬ 
tion of organic chemioals, the use of solvents is very common, the right 
choice of which for a particular reaction and an expedient recovery of the 
same should be made wherever possible. Another point for consideration 
is to select a series of preparations such that the bye-product in one 
might find some application or use in others. 

(c) The maximum production for a minimum amoimt of energy 
■spent should be the motto of every manufacturer, and this can be attained 
only by a sagacious devising and systematic arrangement of experiments. 
In organic preparations, one ddbs often come across instances where 
starting with la^ quantities of the reactants leads to a very poor or no 
jrield of the product. In such oases, a bftttery of experiments with small 
charges should be run simultaneously so that in the end a good quantity 
of the product is obtained from each unit experiment giving the maximmn 
yield. Many of the operations like distillation at ordinary or reduced 
pressure, filtration, refluxing, extraction, drying and cooling, etc., being of 
4k mechanical nature do not require constant attention, and one man can 
look after several operatiomt at a time. 
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Even in countries where a fine chemical industry has already been 
well established, the costly research chemicals and synthetic drugs are 
prepared only on small scales by experts. There seems to be absolutely 
no reason why similar undertakings should not bo successful in our country. 
Tlie great advantage which India has over other Western countries, in the 
availability of cheap expert and ordinary labour, should warrant all the 
more the success of any such chemical venture. 

It would be useful to summarize here the advantages to be gained 
by the initiation of such an industry in India. It would be of great help 
to Indian laboratories and researchers due to the ready availability of 
research chemicals in India. Secondly, such an enterprise would create 
employment for a number of our young chemists. Thirdly, the drain of 
Indian money would be checked to a certain extent. Lastly, once a 
nuclear organization comes into existence with the immediate object of 
meeting the demands of the laboratories, the establishment with its 
iruM^enmbh research section could undertake the preparation of other 
chemicals of general and every-day use in home and in industries, as well 
as exploit the possibility of utilizing the chemical resources of India. 

It is very necessary that we should proceed with caution in any such 
venture. In an industry like this, none can depend on any external 
source of information or experience: we have to acquire both ourselves. 
Like the other atlvancod countries, we must pass through a preliminary 
evolutionary period. But this instead of damping our spirit should make 
us all the more resolute and active. I therefore appeal to our capitalists 
to utilize the experience already available in this country and explore 
the possibility of starting industries in this line. 

I cannot conclude these remarks better than by quoting Sir P. C. Kay 
on this subject; 

‘ The claims of both pure and applied science are paramount in 
India as in any other coimtry. . . . Every country in the world 

has need of both; no coimtry can do without either. India is just now 
on the threshold of a political renaissance and no political renaissance is 
possible without the full development of the intellectual and industrial 
resources of the country. India, therefore, must not only give her 
full attention to the cultivation of pure science but equally great 
attention to applied science. 

^ ‘ There is no lack of capacity amongst our yoimg men. What 
are wanted are patience and tenacity of purpose. 

‘ The youth of India will no longer tolerate to be told that he 
lacks this and lacks that. The fire of life is burning in him. It 
requires a guiding impulse and a helping hand to lead him on the 
right path of industrial progress.’ 


Appendix. 

List of chemicals prepared. 

Hydrocarbons.—Amylone, 1:2-Dimethylcyciohexene, Diphenyl, 

Diphenyknethane, Terphenyl. 

Alcohols. —1; 2-Dimethylcyclohexanol, Ethylmethylcarbinol, y-Methyl- 
trimethylene glycol, Tetramethylene glycol. 

Halides .—Amylene bromide, Bromacetol, cu-Bromacetophenone, iso- 
Butyl iodide, «ec-Butyl iodide. Carbon tetrabromide, Carbonyl bromide, 
Chloracetol, Chloro-/S-ketobutane, 2; 3-Dibromoprop«ie, pp-Di-iododi- 
phenyl, 1: 2-DimethyH ; 2-dibromocycZohexane, Ethyl bromide. Ethylene 
bromide, p-Iododiphenyl, Methylene bromide. Methylene iodide. Methyl 
iodide, Monoohloromethyl ether, Pentamethylene bromide, n-Propyl 
io^<^ Tetramethylene bromide, 1:2: 8-Tribromopropane, T^ethylene 
bromide. 
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Aldehydes, etc, —Acrolein, Aldehyde ammonia, Aldol, Chlor-propion- 
acetal, Im^odipropionacetal, m-Nitrobenzaldehyde, Salicylaldehyde. 

Ketones. —Acetyl aeetone, Benzoquinone, Camphorquinone, p-Diketo* 
hexamethylene. Mesityl oxide. 

Acids. —Acetonedicarboxylic acid, jS-Ammo-^-phenylpropionic acid, 
3'Aminophthalic acid, jJ-Ai^opropionic acid, j5-Brompropionio acid, 
Camphoryl thiocarbamic acid, Dehydromueic acid, Diglycollio acid, 
^^-Dimethylglutaric acid, Dimethyl succinic acid, 3 : 6-Dinitrobonzoic 
acid, Glutaric acid, Glyceric acid, Methylene-di-salioyldicarboxylic acid. 
Methyl succinic acid, ?n-Nitrobenzoic acid, p-Nitrobenzoio acid, »i-Nitro- 
cinnamic acid, 3-Nitrophthalic acid, 4*Nitrophthalic acid, Phenylpropiolic 
acid. Succinic acid. Urethane acetic acid. 

Anhydrides. —Glycine anhydride, Phthalic anhydride, Sucein'o 
anhydride. 

Acid-chlorides. —Acetyl chloride, Adipyl chloride. Benzoyl chloride, 
n-Butyl chloride, Carbethoxy-glycine chloride, 3-Nitrophthalyl chloride, 
Oxalyl chloride, p-Phenylenedisulphochloride, Succinyl chloride. 

Esters. —Ethyl -acetoewetate, -acetonodicarboxylate, -adipate, -alio- 
phanate, -azodicarboxylato, -bromacetate, -bromomalonate, -a-bromo- 
propionate, -butane tetracarboxylate, -^-chloropropxonate, -cinnamenyl- 
acrylato, -citraconate, -cyanacotate, -cyclohexane-2:3-dione-l: 4- 
dicarboxylato, -cyclopontano-1 : 2-dicarboxylate, -cyclopentane-1 : 3- 
dicarboxylate, -cyclopontianono-2 : 6-dicarboxylate, -diacetyl adipate, 
-aym-dibromosuccinate, -di-imido-diacetylodipate, -diketoapocamphorate, 
-3 :6-diketocyciohexane-1; 2-dicarboxy1ate, -jS^-dimethylglutarato, -asym- 
dimothylsuccinate, -ethylidene-bismalonate, -glutarate, -glycocollate, 
-hydrazine-dicarboxylate, -isopropylidone malonate, -malonato, -methylone- 
bis-acetoacetate, -methylene-bis-cyanacetate, -methylene-bis-malonate, 
-monomothyl-acotoacotate,, -monomethyl-malonate, -oxalacetate, -oxalate, 
-oxalo-digiycollate, -oxaloglutarate, -oxalothiodiglycoUate, -pentane-1 : 1- 
3 :3-tetracarboxylate, -pentane-1 :1-5 :5-tetracarboxylato, -phenyl- 
azodiearboxylate, -phenyl propiolate, -suceirmto, -siiccinylo-dimalonate, 
-Buccinylo-succinato, -thiodiglycollate, -trimetbylenodimolonate, -urethane 
acetate, -xanthate. Methyl -adipate, -benzoate, -succinate, -glutarate, 
m-nitrobenzoate, -oxalate. 

Amides and substitution prodwcla.—Acetanilide, «-Acotnaphthalido, 
Acetylurothano, Adipamide, Azodiearbonamido, Benzanilide, Carbo- 
diurethane, Cyanacetomide, Dibenzoyl-tetramothylonediamine, |3-Di- 
naphtbylthiourea, Dinitro-dinaphthylurea, Diphenyl thiourea, p-Diphony t- 
idyl ttiiourea, o-Ditolylthiourea, p-Ditolylthiourea, w-Dixylylthiourea, 
Ethylenodiurea, Ethylenediurethane, Methylene-diuretliane, Oxalyldiure- 
thane, Phthalimide. 

Nitro- and nitroso-compounds. —p-Nitroacetanilide, p-Nitrodiphenyl, 
Nitrourea, Nitroguanidine, Nitroso-j9-naphthol, p-Nitroso-dimethylani- 
line. Picric acid. 

Amines. —Aminocamphor, p-Aminodimethylanilino, 3-Amino-l: 1- 
dimothyl-A*-tetrahydrobenzene, p-Aminodiphenyl, pp'-Diaminodiphenyl 
methane, 9 : 10-Diaminophenanthrene hydrochloride, Methylamine 
hydrochloride, Naphthylene diamine, Tetramethylene diamine. 

Hydrazines and hydrazides. —3-Aminophthalyl hydrazido, Camphoryl- 
phenylthiosemicarbazide, Hydrazodicarbonamide, Hydrazodithiodicar- 
bonimide, o-, m-, and p-Nitrophenylhydrazines, 3-Nitrophthalylhydrazide, 
PhenyUiydrazine, Thiosemicarbazide, Tolylhydrazide. 

Cyanides. —Ethylene cyanhydiin, Ethyleno cyanide, Methylene- 
amino-acetonitrile, Trimethylene cyanide, n-Valeronitrile, isoValeronitrile. 

Mercaptans. —Ethylmercaptan, Methylmeroaptan, p-Phenylene- 
dimercaptan, Phenylmercaptan, p-Tolylmercaptan. 

Sidphides .—^Methylbutyl sidphide, Methylethyl sulphide. Methyl- 
propyl sulphide. 

Isocyanates and mustard oils. —Camphoiyl mustard oil, Carbethoxy- 
isothiocyanate, a-Naphtiiyl Mocyanate, jS-Naphthyl mustard oil, 
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Phenetedyl mustard oil, Phenyl mustard oil, o-, m- and ^)-TolyI mustard 
oils, wi-Xylyl mustard oil. 

Stdphmic acids. —1: 2 : 4'Amino-naphthol-Bulphonic acid, Anthra- 
quinone-monoBulphonio acids, p-Phenylenedisulphonic acid. 

Phenols and phenolic esters. —C-Aoetyldimethyldihydroresorcin, p- 
Aminophenol, o-Cresolphthalein, Dunethyldihydroresoroin, Eosin, Fluores¬ 
cein, Phenetole, Phenolphthalein. 

Heterocyclic cowpownei*.—Barbituric acids. Cinchene, Collidine, 
Coumarin, Ethyl collidine dioarboxylate, Ethyl dihydrocollidme dicar- 
boxylate, Gaureschi-imide, Hydantoin, Phenyl methyl pyrazolone, 
Urazole. 

Metallic derivatives. —^Amalgams, Anhydrous aluminium chloride, 
Calcium ethyl sulphate. Calcium malonate, Copper-acetoaoetate, Mg- 
methyl iodide. Potassium cyanate. Potassium ethyl xanthate. Potassium 
hydrosulphide. Potassium xanthosulphonate of benzene, Beinecke salt, 
Sodamide, Sodium ethoxide, Zinc methyl iodide. 


Disottssions : 

Db. T. S. Wheeleb [Bombay ).—^The need for the production of re¬ 
search organic chemicals in India is very great. Frequently the conti¬ 
nuation of a research is held up for months while some needed product 
is being obtained from Germany. It may be possible to pursuade the 
firms manufactxiring pharmaceuticals in India, to undertake the production 
of a specified list of fine chemicals on the promise of purchase from the 
research laboratories in India. The firms could also be helped to 
manufacture other chemicals on which there could be a profit to offset 
any lose in the research chemicals. This, however, will take time, so it 
may be better for this Section to ask the Council of the Indian Chemical 
Society to organize the production of a limited number of important 
research chemicals in the various University laboratories throughout 
the country. Each laboratory could be asked to undertake the production 
of say three chemicals for the whole of India. 

Dk. N. R. Dhae (AUahabad ),—It is absolutely certain that there 
is plenty of scope for the manufacture of fine chemicals in this country. 
Many coxmtries which used to depend before the war on Germany have 
become self-supporting in the matter of manufactiure of fine chemicals 
during the last fifteen years. 

A properly trained chemist was earning about Rs. 150 per month by 
purifying by recrystallization the ordinary bazar chemici^, e.g. cupric 
sulplmte and selling them to the schools and colleges in the United Pro¬ 
vinces. A small &m in Allahabad is selling colloidal and vitaminous 
products to the extent of Rs. 30,000 per annum. There is no dearth of 
qualified and well trained chemists in our country but we lack business 
experience which is of great importance in running a manufacturing 
concern. 

1 suggest that a strong committee of the Indian Chemical Society 
be appointed to work out a practical scheme in this direction. 

pR. J. N. Mttehebjbe [Calcutta ).—^I had no intention of speaking 
as my experience of the subject is very meagre. 1 think, however, that 
the susgestioi^ which have been made cover too man^ things and that 
it womd be better to restrict ourselves to the possibility of preparing 
fine chemicals for meeting the requiresnents of research workers in jfiidia. 
The question of cost here plays a comparatively minor role. By mutual 
agreei^t a list may be prepared and the work may be distributed over 
the different laboratories which would co-operate in the undertaking. 
Even here there is an aspect which has bemiovenooked. The administrative 
authorities of the institution where the work is being done may like to 
have information as to the costs of such pr^taretions in case the work 
is carried out systonaUcally and oontinuoasly on a moderate scale. The 
costing is rathm diffloult. Besides, the adznmiitration may like to know 
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whether the normal work of the staff engaged is going to suffer. There 
are therefore two ways open to us : (a) to restrict the quantity of the pre¬ 
parations to meet specific requests of colleagues and to notify available 
stocks accumulated in the normal course; (6) to undertake preparation 
of specific research chemicals on a large scale to meet possible requirements 
of research consumption in the country as a whole. This can be under¬ 
taken with the approval of the administration. Regarding the broader 
issue of preparations on a commercial scale to help the establishment of 
industries, I would suggest that the first step consists in collecting inform¬ 
ation as to the possibilities and to critically examine them with a view 
to arrive at definite proposals. The conclusions arrived at, say by a com¬ 
mittee, might then be discussed at a meeting of this section in a later year. 

Dr. R. B. Forster (Bombay). — Before the preparation of chemicals 
could be imdertaken it was essential to have the necessary supply of 
starting products. Tn the case of organic chemicals a very largo 
proportion of these were derivatives of ether, benzene, naphthalene 
or anthracene a.nd it would bo a very great assistance if an adequate 
supply of these materials were available. Although these substances 
were termed crude products in in<lu8tiy, the commercial products were 
however of a very high state of purity. At present they woi'e only imported 
in very small quanl itios, usually 1 lb. bottles ; and at a price which rendered 
their economic use impossihle. He saw no reason why the distillation 
of tar should not he undertaken and importation rendered unnecessary. 
The manufacture of oloin was also essential as the substance was very 
difficult to transport long ilistances and was only carried at the shipper’s risk. 

Failing or pemling the manufacture of the necessary starting products 
in fiulia the tlifficultii's couM bo bridged over by importation in bulk 
and repacking in containers of suitable size for dispatch to the parties 
I'ci^uiring them. He did not think it advisable at present at any rate, 
to imilcrtako the manufacture of heavy chemicals such as caustic soda, 
and soda ash as these were at present manufactured by a few very largo 
concerns having a great deal of accumulated expanses, and further 
they wore sold at keen price and were easy to transport. 

In the Department of Chemical Technology of tJio University of 
Bombay they harl installed plant capable of manufacturing a number of 
protlutiis, and although they diil not propose to undertake manufacture on a 
commercial scale, they were prepared to undertake the trying out on a 
serai-large scale of the manufacture of products which had been worked out 
in Unteersity laboratories. 

Dr. N. N. Godbole (Benares ).—Fine chemicals can be manufactured 
and should be manufactured in India. The greater difficulty is in packing 
and selling. The market in India is a foolish one and the only thing 
that counts is a cheap price—^no matter what the quality of the goods 
is like. It is therefore necessary to organize a central body that will 
certify the quality and purity of the goods manufactured. The dealers 
who finally sell the gootls to the consumer are often ignorant of what 
they sell and they are interested only in the discount they receive. Tt 
will not be possible for the Science Congress to go into the business side. 
It should however constitute a body that will certify and analyse the 
standard preparations. 

Dr. J. N. Ray (Lafiore ).—^I am in full sympathy with the views 
expressed by Dr. Wheeler. It should be possible to arrange the prepara¬ 
tion of research fine chemicals with the existing pharmaceutical works. 
Although it is realized that such ventures may not be flimncially very 
profitable in the beginning but if the Indian Chemical Society takes the 
lead there is no reason to doubt that ultimate means would be achieved. 
Dr. Forster’s opinion that solvents necessary for chemical operations 
would be too high in cost is not justifiablo as in the preparation of fine 
chemicals, commercial EK>lventB would be unsuitable. The possibilities 
of exploring new solvents, e.g. furfurol, furyl alcohol, etc. should also bo 
explored. 

35 
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There is no reason why alkaloids, e.g. ephedrine, emetine, etc. could 
not be economically manufactured in this country. 

It is desirable to have a committee of standards appointed by Indian 
Chemical Society to help and foster the manufacture of chemicals from 
indigenous plants. 

Professor J. G. Ghosh of Dacca, Drs, P. C, Mitter and A. G. Sircar 
of Calcutta also took part in the discussion. There was general agreement 
and everybody felt the need of starting a fine Chemical Industry in India 
and the following resolution proposed by Prof. N. R. Dhar and seconded 
by Dr. J. N. Ray was unanimously passed in the mooting :— 

‘ That the Council of the Indian Chemical Society be requested 
carefully to consider this important question and explore 
means as to how and on what lines tho preparation of fine 
chemicals can without delay be undertaken in this country 

II. UTILIZATION OF MOLASSES. 

Opening Remaeks of the President, Dk. P. C. Guha. 

The subject of to-day's discussion has a great bearing on tlie stabili¬ 
zation and further development, of sugar industry in India. With tiie 
multiplication of sugar factories and tho increased output of white sugar 
in India, we are faced with tho problem of utilization of molasses, the 
chief bye-product of sugar industry. 

An average sample of molasses contains 30-40% of cane sugar, 30% 
invert, sugar (glucose), 2-.5% of potash, 2% of lime, 0'.5% of phosphoric 
acid, and about 0’.5% of combined nitrogen, tho rest, about 15-20% 
of water. At tho present moment about 600,000 tons of molasses are 
being turned out by various sugar factories in India, which, with all tho 
valuable ingi*edients, are simply runniirg into waste. It would appear 
that if all the available sugar in molasses could be recovered, about 400,000 
tons of sugar with a selling price of about 10 crores of rupees would be 
available to the industry. 

From the industrial point of view, therefore, the utilization of molasses 
is a very important problem. Wliile considering tho sugar industry, 
we have to remember that if India has to stand the world competition 
after 1946, when the tariff protection enjoyed by the Indian sugar industries 
is likely to be withdrawn, Indian sugar producers will have to lower down 
their prices to stand the external competition. The success of Indian 
sugar industry which is the second largest, being next only to textile 
industry, will largely depend on the proper utilization of this inportant 
bye-product. Although several methods have been suggested for the 
utilization of molasses from time to time, the problem has not yet been 
successfully solved even in great sugar producing countries like Hawaii 
and Java. 

Of the various methods known for the utilization of molasses, 
(1) tho production of power alcohol and its use in association with petrol 
for internal combustion engines is receiving consideration. Though 
the problem is attractive, it is beset with several difficulties. Attempts 
are being made to solve the problem in all its different aspects. As to 
the extent to which the power alcohol from molasses can be utilized as 
motor fuel, it has been shown by researches in Germany, France and 
England that not more than 23% of absolute alcohol can be mixed with 
petrol for efficient working, which allows utilization of a fraction of the 
total output of alcohol. Prof. Dhar has also shown that only about 
9% of the alcohol possible to be made fi-om all the molasses produced 
in U.P. can be utilized in that province as motor fuel. It is gratifying 
to note that the power alcohol produced from molasses is being used 
at Mysore for trucks along with petrol perhaps as on experimental nxeasure. 
We will hear more on this subject from Dr. N. G. Chatterjee. 
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(2) Diroot use of molassoH as a fuel has been tried in other countries 
without much success. 

(3) The utilization of molasses in a number of minor fermentation 
industries such as acetic acid, acetone, butyl alchol and glycerine has 
drawn the attention of scientists. The scope of use and the cost of produc¬ 
tion of these products under Indian conditions require careful consideration. 

(4) Kesult of investigation carried out at the Indian Institute of 
Science and also at Coimbatore have shown that yeast extract help the 
reproductive efficiency of plants. This would suggest that the manufacture 
of dry yeast from molasses is a promising line of investigation. 

(.'>) The utilization of molasses has been tried in several other directions, 
amongst which its use as a feed for cattle deserves ebnsideration and is 
being experimented on at Coimbatore. Its use as a substitute for road tor 
is 1 Iso being tried at Mysore. 

(6) The utilization of molasses in agriculture as fertilizers is in vogue 
in .lava, Hawaii and other countries. Investigations are in progress 
at various Indian researcli centres, viz. at Allchabad, Bangalore and 
C/oimbatore, as to bow this can be best applied under local conditions. 

A systematic scheme of re.search as to the efifoct of molasses on Iho 
soil with regard to its physico-chemical and biochemical characteristics 
and also on its effect on crop production is in progress at Coimbatore 
and some interesting data liavc already lieen collected. 

Investigations carried on in an extensive scale in the Allahabad 
LTniversity on the use of molasses as fertilizers have conclusively shown 
that molasses can be utilized in the fixation of atmospheric nitrogen in 
the soil - -it can also be made to act as a nitrogen sparer. Several other 
important and useful results have also been obtained there about which 
wo will hear directly from Prof. Dhar. 

A systematic scheme of research is in progress in the Indian Institute 
of Science (1) as to what tho fertilizing action of molasses is due; (2) to 
ascertaux the nature and quantity of tho various organic acids produced 
initially during fermentation of molasses in the soil; (.S) the effect of sxxch 
acids on the mineral coixstituents of s<iil, their availability and effect 
on plants. Researches are also in progioss in oriler to throw light on 
rlifforont hitherto obsciue aspects of the problem. 

I have t ried just to indicate the various linos of works that are in 
progress in this country and I hope the discussion now to follow would 
lie of considerable interest. The very fact that the scientific workers 
are taking a very keen and active interest in this very important problem 
does clearly show that the scientists in India arc quit e alive to the importance 
of the new problem. I hope that their combined efforts will go a great 
way in helping further development of the sugar industry in India, and 
the bye-product which is a waste at the present moment might prove 
to be a source of substantial revenue to the sugar producers of tho country. 
India being on agricultural comitry> there seoms to be very great future 
open for the utilization of molasses for agricultural purposes. Its utiliz¬ 
ation as power alcohol is another great avenue, and with the gradual 
development of other chemical industries in India the surplus of the 
produced alcohol will find some useful application. It is not unreetsonable 
to expect that as the result of further researches, it might be possible 
to recover some more of sugar from 1-his important bye-product. 

Pbof. N. R. Dhar : ‘ A new method of adding Nitrogen to the soil 

. AND RECLAMATION OF ALKALINE La-ND BY USING MOLASSES 

AND Press Cakes.’ 

Poor Crop yield in India. 

It is well known that crop production in India is quite inefficient 
in comparison with the yield in other countries as is evident from the 
following figures ;— 
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For rice the figures are as follows:— 

India .. .. 1,295 lb. per acre. 

Japan .. .. 3,040 „ „ „ 

Egypt .. .. 2,783 „ „ „ 

Wheal, 

U.P. 

U.S.A. 

France 
Canada 
Germany 
Great Britain 
Belgium 

Sugar-cane. 

India .. .. 2,400 lb. per acre 

Japan .. .. 3,340 „ „ „ 

Egypt .. 3,378 „ „ „ 

Java . . 11,988 „ ,. „ 

Hawaii .. .. 18.799 . 

The poitr crop yield in India is mainly duo to the deficiency of nitrog('n 
in the Indian soil, which contains only 0'04% nitrogen as against 0-1% 
present in the soil of Burpoean and other cold countries. The Indian 
soil generally contains plenty of potash, lime, phosphate and other neces¬ 
sary plant food materials. 

Tlio researches of Prof. Dhar and his collaborators notably Brs. C. C.. 
Palil., Gopala Rao, A. K. Bhattaeharya, Messrs. S. P. Tandon, Atma 
Ram, N. N. Biswas, S. K. Mukerjee, and E. V. Seshacharyulu have defi¬ 
nitely established that nitrogen is added to the soil by the application 
of molasses. The sugars present in the molasses combine with the oxygoji of 
the air with the help of bacteria, sunlight, and substances like iron, man¬ 
ganese, etc. which ai’e always present in the soil. In this process of oxida¬ 
tion (eombinatioti of sugars with oxygen) large amounts of energy are s<'l 
frw and this energy is utilized for the combination of the nitrogen and 
oxygen of the air fonning nitrates and ammonia. Molasses not only 
adds nitrogen to the soil Wt also increases its humus content and the 
beneficial ^ect lasts over two years. 

Prof. Dhar and his colleagues have been able to increase the soil nitro¬ 
gen by hundred per cent, on the addition of molasses to the soil in heaps 
and proper aeration. The crop yield has also been considerably increased 
in the molasses fields in comparison with the controls. Rice is highly 
benefited by the application of molasses, molassod land producing 14',5 
maunds per acre as against 8‘1 in the unmolassed field. The straw is 
also greater in the molassed than in the unmolassed field. Messrs. PaiTy & 
Company of Madras and the Government Shahjehanpur Farm Imve 
obtained an inoieased yield of 40% with molasses as manure in siigar 
cultivation. Moreover the plants mature earlier in molassed fields. 
Prof. Dhar has made it amply clear that molasses must not be added to 
the growing crop, but should be added to the fields 2 to 3 months before 
the sowing of the crop. After the application of the molasses the soil 
should be ploughed 3 or 4 times before the sowing, watering the soil 
is just the same as in ordinary cultivation. Prof. Dhar and his colla¬ 
borators have always found that the moisture content of the molassed- 
fields is greater than the unmolassed. 

In cold countries the soil temperature being low and due to the lack 
of sunshine, the sugars present in the molasses do not combine with the 
oxygen easily and hence the energy available from this process is too small 
for anjjr nitrogen addition to the EK}il in temperate climates. This is the 
most import^t reason why workers in colder countries have frequently 
failed to obtain beneficial results on the application of molasses. Moreover, 


666 lb. per acre. 
856 „ „ „ 

.. 1.040 „ „ „ 

.. I,0u6 ,, ,, ,, 

1.400 „ „ „ 

.. 1,800 „ „ „ 

.. 2,104 ,. „ ., 
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researches carried on in the Chemical Laboratories of the Allahabad 
Ifniversity have shown Azotobacter which is one of the agencies in the 
increase of nitrogen in soil is meffective at temperatures lower than I0*C., 
but is very active at temperatures 20® to 50®C. That is why agriculturists 
in cold countries have not been able to utilize this bacteria in increasing 
their soil nitrogen. In tropical countries like India, however, Azotobacter 
is eminently suitable for adding nitrogen to the soil when supplied with 
molasses, press cakes, etc. 

CONSERVATIOiT Off SoiL NiTEOGEN BY MOLASSES. 

The results obtained by Prof. Dhar and his collaborators with ammo¬ 
nium sulphate added to the 8<iil with and without molasses show that 
the nitrogen of the molassed soil is always greater than that of the un- 
moiassed one. Hence, molasses can act in the cons^r\’^ation of soil nitrogen. 
In tropical countries, a mixture of molasses and ammonium salt is a 
better fertilizer than ammonium salt alone. 

* 

Rrolamaxion op Alkauwe Laxu. 

The researches of Prof. Dhar and his collaborators show that for 
the reclamation of alkali soils molasses can be very usefully applied. 
It is well known that molasses contains between 60 to 70 per cent, of carbo¬ 
hydrates, 4-0% potash, 2% lime, 0'r»% phosphoric acid, 0’r)% iron and 
aluminium oxides and 0‘o% ctnnbined nitrogen and the rest water. More¬ 
over, molasses is distinctly acidic. Research work shows that when molasses 
is added to the soil, along with carbonic acid organic acids are produced in 
the early stages in the decomposition and partial oxidation of the carbohy¬ 
drates present in the molasses. The acids thus produced together with the 
aoids present in molasses neutralize the alkali of the soils rich in alkali. 
Moreover, the carbonic acid which is produced in largo amounts from the 
decomposition and oxidation of the carbohydrates can convert the sodium 
carbonate into bicarbonate. Also in the process of the escape of carbonic 
acid from the molassed soils, the latter is rendered ponms and il-s tilth is 
improved. The lime, which is added to the soil along with thp molasses, 
is rentlerod soluble by the organic acids formed from molaSses and is 
helpful in the conversion of the sodium soil (alkaline soil) into the calcium 
one, which is the normal soil. 

The soluble calcium salts are helpful in the improvement of the soil 
tilth by their flocculating power on the clay particles. Moreover, in the 
presence of soluble calcium salts, the penneability of the soil is greatly 
improved. Dr. Dhar and his collaborators show that Molasses is a better 
reclaiming agent for the alkaline land than either gypsum or powdered 
sulphur, as there is nitrogen loss from soils when these latter reclaiming 
agents are added to alkaline soils whilst molasses adds nitrogen. The 
reclaiming effect of molasses is much quicker than that of gypsum or 
powdered sulphur, because the acids formed from molasses neutralize 
the alkali quickly and the soluble calcium salts added with the molasses 
improve the tilth and permeability of the soil. It has been reported 
that four years are necessary for reclaiming alkaline lands on treatment 
with gypsum or powdered sulphur, but with molasses four to six months 
are quite adequate. 

Alkaline lands have been successfully reclaimed in different parts 
of the United Provinces and in Mysore by the applicaton of molasses, 
and good crops are growing in these reclaimed areas where no vegetation 
ever grew. 

Pbof. V. Subrahmanyan: ‘DECOMPOSITION OF CANE 
MOLASSES IN THE SWAMP SOIL’. 

Cane nwlasses imdergoes rapid fermentation under the conditions of 
swcunp soil, the entire quantity of sugar being decomposed in the course 
of the first few days. The products of fermentation include gases, chiefly. 



660 


Twenty-third Indian Science Congress. 


carbon dioxide, methane and hydrogen; non-acid volatile products such 
as ethyl alcohol and acetaldehyde; and organic acids, chiefly lactic, 
acetic, propionic and butyric. Of these, the acids account for the major 
part of the residual organic carbon. 

Shortly after application of molasses, there is increased dissolution 
of minerals, chiefly ferrous iron and aluminium which are toxic to plant 
growth. After about a month, however, they are either precipitated 
or othon^’ise removed from solution so that healthy conditions are restored. 

The nature and extent of dissolution of iron under different conditions 
have been studied. In alkaline soils, as also those rich in alkaline earth 
carbonates, only small riuantities pass into solution : in others, quite 
considerable amounts remain in the surface water for about a month. 
After that period, the iron is part ly oxidised to ferric oxide and partly 
precipitated as the carbonate, s\dphide or phosphate. 

Although there is some flxation oi‘ nitrogen o^onsequent on direct 
application of molasses to soil, the process involves considerable wastage 
of organic carbon. There is evidence to show, however, that if the initial 
fermentation is conducted under conditions^ of reduced air supply, then 
the greater jjart. of the sugar will be converted into organic acids. The 
latter, if applied to the field as their mixed calcium salts, would load 
to enhanced fixation of atmospheric nitrogen. 

Dk. N. Ci. ChiATMRJT (dawnpore) discussed the problem from the 
point of view of the jnodaction of power alcohol from molasses, which 
is certainly the most profitaVdo and useful way of utilizing this bye-product. 
He produced statistics to show that the surplus qiiantity of molasses 
in India would be about 275,000 tons per year, for this would be the quantity 
available from the t(dal production of about 4.50,000 tons after deducting 
175,000 tons which is the present normal ctnisumption <if molasses within 
the country. In case power alcohol is introduced for the whole of India, 
practically the whole of this surplus molasses would be required to produce 
the alcolud requirod for making the 20:80 alcohol-petrol mixlure, the 
last year's petrol con,sumption in India being about 81,000,000 gallons. 
Ilut as thero may bo diffli'ulties in introducing power alcohol throughout 
India, it is desirable that it should first of all be introduced in U.P., which 
are the largest molasses producing area, and are also far away from sea¬ 
ports. Tlie cost of manufacture has been very carefully CRlculatod to 
be within six annas per gallon. There are absolutely no difficulties in 
technical matters, rogarding manufacture, distribution and excise super¬ 
vision. 

Power alcohol manufacture and its use is a matter of supreme nat ional 
importance for India, now that Burma is getting separated from India. 
Any replacement of petrol by indigenous alcohol which may be regarded 
as an agricultural product would mean the saving of so much money from 
going out of India. Moreover, the increase in consumption of petrol 
is very rapidly rising in India through no efforts of the petrol industry, 
and it is but fair that the alcohol industry should share in this increased 
consumption. It is ostimated that for every gallon of power alcohol 
used, only about an anna would go out of the country, so that from the 
ultimate national economy point, the use of power alcohol would be much 
more profitable than the export of molasses. Lastly, by the establishment 
of the Indian power alcohol industrj', the loss in income tax revenue at 
present derived from the Burma petrol industry, would to some extent 
be recouped. The only measure which the power alcohol industry wants 
is an assurance that there would be no cut-in-price competition by its 
powerful rival industry. This can easily be given by having a minimum 
sale price fixed for all motor fuels, just as there is now a minimum price 
for sugar-cane. Such a 'measure would not only encoirrage the power 
alcohol industry but would also give protection to the indigenous petrol 
industry against the alleged foreign dumping of petrol. 

Sir Bryce Burt remarked that, in considering the aid which chemical 
research and the application of scientific knowledge could give to the 
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Indian Sugar Industry, undue weight should not be attached to the 
utilization of bye-products. In many Indian factories there was far 
more scope for reducing the cost of sugar production by efficient factory 
operation than through any conceivable way of utilising molasses. Many 
factories made excessive amoimts of molasses and also sent out an entirely 
unnecessary amount of sugar in their molasses. A comparison of the 
percentage recoveries obtained by the best and the indifferent factories 
showed that whilst the former, under Northern Indian conditions, were 
getting 9 to per cent, sugar ou cajie, many factories wore getting 
only 7 per cent, loss than this and some as little as .')|%. When it was 
remembered that the cost of production in some factories was as much 
as a rupee per maund of sugar higher than it ought to be, compared with 
the two annas per maimd which, under favoxirable conditions, might 
bo ' btained by utilization of molasses, the problem appeared in a diffemut 
light. The essential requisite at the present moment, for more than 
half the sugar factories in India, was to maintain a better technical and 
chemical staff by utilizing the traii)e<l men already available in the country. 
It was no solution of a technical problem to say that' Government should 
give further assistance to an influstry or ought to give assistance in a 
different form to that given at present. The fiimlamontal fact was that 
petrol without duty and distribution charges only cost about 3 to 4 auioas 
per gallon at ports. Nowhere could alcohol ho produced at tliis figure by 
the most modern process known. 

In the Agricultural Section there had been a very interesting dis¬ 
cussion on the utilization of molasses as a fertilizer and that aspect of the 
subject had also boon put before them this moniiiig. 'fhere was also 
the pciasibilify of using it for eattli> food. This, in liis view, iudicatcil 
the right line of ujiproaeh. The final mnnufaeturod product sugar was 
practically a pure i-arbohydrate and it was right that all possible bye- 
products should be returned to agriculture in some form or another. Ho 
attaclietl importance to experiments to determine tin* exact conditions 
under which molasses could profitably be used as fertlizer and on its 
utilization in the manufacture of cattle foods. 

Mn. A. K. Yagnanarayan Aiykr {President, Agricidturol Section ).— 
It should be borne in mind that in sugar manufactures now uni¬ 
versal in India, molasses is a product of some value. The e.^peusivo and 
elaborate arrangements made by the recently formed exporting com¬ 
pany, viz. transporting to the rail heads at the different places on the 
banks of the Ganges, shipping to Calcutta in special tank steamers down 
t.he river, extensive storage tanks at Cak'utta and ocean Shipment to 
England, all involving heavy expense go to prove the fact. If it should 
be worth the while of an exporting company to do all this, it should be 
much more so for utilization in this country itself for similar purposes, 
as wo could save all the expense, of this elaborate transport. Industrial 
alcohol will certainly form the most' profitable method of utilization, 
hut for reasons of fiscal, arlministrative, and legislative difficulties the 
Government of India has ruled this method out; hut we have reason 
to hope that the door is not quite shut and bolted, as in the event of the 
alternative methods not prov'ing satisfactory the matter may in all pro¬ 
bability be reconsidered. Utilization as manure and as a cattle feed 
presents promising outlets for the product, as India has an abundance 
of neither the one nor the other and both are also crying needs in tho 
country. Manming directly for a cane crop has not yielded satisfactory 
results but if a sannhemp crop is grown as the first crop on molasses 
manured land a very heavy yield of green manure is obtained which 
can be ploughed in for cane. This indirect method of cane manurmg 
has been the one found promising in Mysore, as far as present experience 
goes. The method of application and tho difficulties of transport to the 
fields will prove somewhat serious obstacles. The need for weathering 
emphasised by Dr. Dhar which should go on for nearly three or four 
months will likewise constitute another difficulty, as also the very largo 
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doses which he recommends and which in practice are really much too 
large. For paddy, a one ton dose on alkaline land has yielded good 
results, and if this should be confirmed by further trials it will pro^de 
a very large outlet for molasses, notwithstanding transport and other 
difficulties. A line of even greater promise is that of making a cattle 
feed like molasciete, using ground-nut husks and haulms as the filler. 
Ground-nut will be grown extensively as a rotation crop with cane and 
very large quantities of these will be available. These bye-products 
of ground-nut cultivation and the bye-products of the sugar industry will 
thus be simultaneously made use of in this way, mutually comple¬ 
menting and benefitting both the grower and the manufacturer. At 
the same time it will give a great stimulus to the improvement of the cattle 
industry and of dairying by providing a valuable and largely available 
supply of cattle feed. (The manurial experiments referred to /elate to 
only one season and should be regarded therefore as tentative and not 
conclusive by any moans.) 


Sections of Agriculture and Medical and Veterinary 

Research. 

III. 'THE MAKING OF HUMUS FROM AGRICUL- 
TURAL AND HABITATION WASTES AND ITS 
APPLICATION’. 

The President of the Agricultural Section (Mr. Yegna Narayan Aiyar) 
expressed his satisfaction at the enthusiasm of the members «)f both sec¬ 
tions as indicated by the overcrowded hall. He then requested Mr. F. K. 
Jackson, the Director of the Institute of Plant Industry, Indore, aird 
Agricultural Adviser to States in Central India and Rajpiitana, to open 
the discussion. 

In his opening remarks Mr. Jacksok pointed out that increasing 
populations demand a greater product ion of the right quality of healthy 
food from the world’s limited land surface. The pradigal waste of Nature’s 
bounties must quickly be replacted by efficient conservation. Humus, 
so essential to soil fertility, is derived from organic matter at present 
senselessly dissipated by men. India—rural and urban—has yet to realise 
how much wealth is wasted, when the supply of its humic manures from 
fields and habitation wastes is left to chance. It is high time that depart¬ 
ments of Agriculture and Sanitary authorities shouUi rise to the occasion 
and follow the example of a few individual workers of the last twenty 
years in their efforts to bring into current practice, well-tested, practical 
and sanitary means now available for making humic composts from wastes. 

Of the two processes advocated in India, the older, which may Ije 
styled ‘ activated composting ’—elaborated by Dr, Gilbert Fowler, differs 
from the ‘ Indore process ’ in the initial building up of a nidus of compost 
in an active state of fermentation to which regular additions of raw 
materials are made with simultaneous removal of finished products, the 
process thus being continuous. Six or seven weekly turns are given and 
it has so far been applied mainly to municipal wastes. The corresponding 
Indore techniques, elaborated between 1928 and 1936, specifying three 
trims to the initial charge and giving ripe compost in three to five weeks 
from municipal wastes and three to four months from agricultural wasl/es, 
claim to be cheaper, simpler and without any disadvantage. Their extreme 
elastioity has bmn confirmed imder diverse conditions typical of the rain- 
fed, arid and canal-irrigated tracts, and of sugar-cane, tea, coffee, sisal, 
cocoonut palm and rubber plantations. 

Calculation shows that in India 300 to 400 million tons of humic 
compost could be made from the organic wastes that'are now dissipated. 
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The crop-producing value of these composts is undoubted and immediate 
action is demanded to stop such prodigality. 

Dr. Gilbert Fowler (Bangalore) in his commimieation pointed out 
that the Hoi^ards were the first to stress the importance of using plant 
residues only after proper fermentation, which was the reason for the Chinese 
preference for making compost . 

Sewage sludge and towns refuse could now be successfully composted 
to useful fertilizer. 

McCarrison and his school long ago emphasised the beneficial influence 
of humic manures on the nutritional value of the resulting crop ; thus the 
close relation of plant and animal life is clearly recogniseil. Modern 
researches scorn to show that the processes of life to function satisfac¬ 
torily need a continuous livuig cycle—micro-organic plant, and animal 
life through which circulates an active constituent—call it x'itamin, 
hormone, or by any other name. Thus the value of compost remains 
just the same from the days of farmers of +0 centuries ago to those of modem 
science. Issues of war and peace, determined b*/ food supply, appear 
ultimately to be dependent on proper utilization of wastes. 

Dr. N. R. Dhar (AUahtthad) remarked that compost making is essen¬ 
tially an oxidation by air of carbonaceous materials and proteins, either 
by themselves or in presence of soil. Such oxidation, until the C: N ratio 
of 11:1 is Bttaiiic<l, is the characteristic of the Rothamstoad, lnd(»re 
and Bangalore composts. Ho had used molasses with the same results ; 
50 lbs. of molasses (50-00% carbohydrates) were ad<led to 100 lbs. of soil in 
heaps, well mixed and oivasionally stirred ami watered for two months. 
The low nitrogen and carbon conttaits (0'04 nitrogen and 0*44 carbon) 
of northern Indian soils W'ore raised to 0*005% nitrogen and 1*0% carbon 
it'Spectively. The moisture content w'as also increased by 3%. Ten 
to twenty-five per cent, of the total nitrogen becomes available—a much 
higher proportion than the 1 available nitrogen in soils of colder countries. 

The energy liberated by oxirlation by air is used by the soil, in fixing 
nitrogen, just as animals obtaiti energy from the oxidation of carbo- 
hydrates. 

Dr. 'V^ iSiTBRATTMA.WAJsr (Baugulore) summarised the researches 
carried out since 1920 at the Indian Institute of Science on (1) ecomoiny 
of carbon and idtrogen during comjjosting, (2) the hygienic aspects of tiie 
problem—especially when night-soil is used as a starter. 

Town refuse can eksily be composted without offence if not more 
than 20') gallons of raw sewage is daily sprayed per ton of refuse. Dis¬ 
infectants are effective and resulti in marked change in composition of 
microflora. The economy of carbon ami nitrogen at each stage is also 
modified. 

Different nitrogenous and mineral starters, combined with raw 
sewage or effluent from the activated sludge, produced a finished product 
(1) similar in composition and availability iiTespoctive of tho nature of 
starters, (2) lost about 25 per cent, of nitrogen under aerobic conditions, 
(3) potash and phosphoric acid did not influence the efficiency. 

The difficulty in the manipulation of night-soil compost can be got 
over by allowing the night-soil to liquefy spontaneously a process starting 
slowly but quickly gathering speed. 

Losses of nitrogen are inevitable. The product is similar to farm¬ 
yard manure, added superphosphate increases its value. 

Night-soil cannot be supplied to the same refuse heaps more than once 
or twice without the production of offensive smell and fly breeding. 
Aeration of the night-soil suspension previous to its application redm es 
the smell without breaking the lumps. Intermittent aeration leads to 
partial liquefaction and invariable loss of nitrogen. 

Highly encouraging results have recently been obtained from ex¬ 
periments on the principle of ‘ hot ’ fermentation. 

Refuse Toosely packed along with nitrogenous starters into cisterns 
with a moisture-content of about 60%, vigorously fermented within 
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48 hours with temperatrjre which rose to l^C. At the end of about a 
week, cooling began. The material was packed tightly, the tops of the 
cisterns covered with bricks and plastered with clay. Absolutely no 
smell or fly breeding was observed. Three months later^ a well-disin¬ 
tegrated and pleasant smelling product was obtained, containing over 
80 per cent, of the original material and almost all the added nitrogen. 
This process is being further developed. 

Lt.-Col. J. R. J. TymtELL, C.I.E., I.M.S. (Rtd.) {Indore) said that 
while the Indore System is one which requires a certain amount of initial 
outlay in preparing charging trenches and roads, this outlay will soon 
be recovered through enhanced receipts from sale of compost and by 
much-reduced expenditure. 

When the simple technique is observed, fly breeding is prevented 
and it is probable that harmful germs are destroyed. 

The sanitary advantages over the trenching system are enormous 
and these advantages are most marked in the rainy season. If, instead 
of bringing in a much larger profit, the system co.st more than trenching, 
it would still be justified on sanitation gronn<ls. 

By the process, the whole of the refuse of a large city can bo disposed 
of in a sanitary manner daily and in an area one-tenth less than would 
be required for trenching. 

There is a ready demand for the compost. The process is very simple 
and there is little handling required. 

Du. C. N. Achauya {Bangalore) observed that the further simpli¬ 
fications since evolved of the original Indore process rendered it more 
or loss a method of trial and error and urged the necessity for a more 
detailed study of the biochemical aspects of the process with a view to 
control the course of the decomposition more effectively. The hot- 
fermentation process seeinofl to secure a gi’oater conservation of dry 
matti'r and nitrogen anrl is w'firth a more careful study, especially for thie 
disposed of town refuse, in comparison with other methods at present 
in use in India. 

Lt.-Ool. M. a. Nicholson, I.M.S., C.M.O. {Cenfral India) remarked 
tliat from the point of view of the Sanitary Officer, habitation wastes, 
containing as they do excreta, are dangerous as well as useless. 

The Sanitary Officer has two desires, to render these wastes inno¬ 
cuous as soon as possible and then to get rid of them. To attain these 
ends he will even adopt incineration, a system admirable as far as he is 
concerned, as at once ami in one process tho matter is sterilised and dis¬ 
posed of, but it is a system which I should imagine \dolat,eg all economic 
end agricultural principles. 

Actual disposal is always a problem to the sanitarian. In London 
sludge from the sewage works has to be taken out and dumped at sea. 
A universal and satisfactory method of disposing of the other waste of 
London has yet to bo devised. A great many authorities now use des¬ 
tructors while yot others resort- t-o bringing the heaps in situ which is a 
constant source of complaint and nuisance. 

Processes which are good from the sanitary as well as the agricultural 
point of view are rare, possibly because both sides are working indepen¬ 
dently and not together. The agriculturist is out to make a super-manure, 
while the sanitarian will commit crimes such as incineration. Prom 
the sanitary point of view I would suggest any process must: 

(i) render the waste matter innocuous rapidly; 

(ii) be economical to work especially as regard— 

{a) staff, 

(h) space, 

(c) mechanical devices and appliances, 

(d) transport; 
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(iii) the matter once sterile must be capable of being got rid of 

otherwise (ii) ( 6 ) is violated; 

(iv) the process must be simple and this is specially imperative in 

• India or (ii) (a) is violated. 

The Indore process may not make a manure of a supremely superlative 
quality. But it does fulfil all the desiderata laid down ; above all the 
cultivator pays to take the final product away and there is so much 
ilemond for it that there is no acciun illation on the ground with resulting 
saving in space and staff. 

Sir Bryce Burt emphasised the importance of composts as a means 
of making up in part for the scarcity of cattle-dimg. It was a counsel 
of perfection to say that- dung should not bo burnt; often the villager 
was obliged to use some of iho cattle-dung as fuel, but tho remainder 
could be used much more effectively than at present. 

Ms. Yesuwant D. Wad {Indore) said that ii' appears to be necessary 
to possess means to choose bel-weon composting prt''*08068 even when they 
can utilise available raw materials with the existing facilities for space, 
labour and moist.u re-supply to produce well-rotted organic matter in 
suffii'ient quantities at a cost within the reach of tho user and within 
a periotl demanded by him. 

Properties such as the physical lineness and colour, the content 
of nitrogen, easily oxuiissablo organic matter and other components 
(Table), or the CJN ratio seem to be inadequate. 

The iilcals for compost-making may bo taken as:— 

( 1 ) Ooraploto conservation of thoso existing constit uents in the raw 

raatorials which are essential both to plant nutrition and 
improvement of tho physical condition of tho soil. 

( 2 ) Acfiuisitiou of additional nitrogen by fixation. 

(M) Elimination, <luring the process of decomposition, of substances 
unfavourable both to plant growth arnl good soil texture. 

( 4 ) Convemion of useful constituents into such forms as would 
eimble adequate supply to growing plants, whenever required, 
without losses either during compost-making or after appli¬ 
cation to soil. 

The inainl'cnance of a high level of physic-al efficiency of the soil 
should be the primary aim. The capacity to au}>ply nutrients, both 
as regards quantity aiul rate, should be secondary and ought not to bo 
increased at the expense of tho first-mentioned property. 

A compost with a longer residual effect should bo preferred, even 
if its application may not strikingly increase crop-product ion in tho 
very first season. 

Laboratoiy tests to determine tho quality of compost should bo 
able to give information on these points. More information on tho pro¬ 
perties of soil organic matter in relation to soil fertility appears to be 
necessary before suitable rapid laboratory tests can be devised. Till 
then, reliable results can be obtained as a rule only from field trials and 
from experiments in tho laboratory to determine the influence of composts 
on the nitrogen-balance of soils. 

Referring to Dr. Subrahmanyan’s description of the ‘ hot ’ process 
recently tried at Bangalore it seemed that the absence of nuisance was 
dtie to the offensive gases being confined in a sealed chamber pending 
their further decomposition. The cost of such chambers and their sealing 
was likely to be a formidable obstacle to tho a<loption of the process. 
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Table. 

Composition of compost as affected by raw materials. 



Percentages on oven-diy basis. 

Compost from— 

Tea estate wastes: 

Nitrogen. 

Potash. 

Phosphate. 

Without tipping leaves 

1-2.5 

1-62 

0-32 

„ tipping leaf in excess .. 

4-70 

1-83 

0-42 

Without wood ash .. 

2-21 

0-65 

0-62 

With wood asli 

2-52 

1-16 

0-69 

Without Bone meal 

2-19 

0-39 

0-.56 

With Bone meal 

2-0.5 

0-45 

1-68 

Stable wastes 

1-42 

1-73 

1-40 

Cane trash .. 

0-74 

0-51 

0-3.5 

Habitation wastes 

1-.5C 

2-20 

2-74 


Mb. P. B. Richabds laid emphasis on the nitrogen content of coin- 
posts and showed that compost nitrogen is cheaper than ammonium 
sulphate. 

Mb. B. N. Batham (C'atmpore) observed that the percentage of nitrogen 
found in compost is always greater than 1 per cent., while in ctjw-dmig 
manure it is always less than 1 per cent. This superiority in (he nitrogen 
content of compost appears to be due probably to the process of nitrogen 
fixation, which might be going on in the heap of kachra on account of go«)d 
aeration and oxidation of organic matter. 

A comparative trial of molasses, cow-dung and compost as manure 
for wheat was cairiod out at Cawnpore. The results show that molasses 
does not give as high yield of wheat as cow-dung manure or c-ompost, but 
the residual effects of molasses and compost on the yields of subsequent 
crop (suim hemp) was foimd better than that of cow-dung manure, indi¬ 
cating thereby that their beneficial effects persist for a longer time than 
those of cow-dimg. 

After the harvest of the crops from soils manured with molasses as 
well as untreated, the nitrogen content was higher in the fonner than 
the latter. Nitrogen fixation seems to have been encouraged. 

Thk Pbesidbnt, in winding up the Symposium, refermd to the 
thorough and comprehensive manner in which the subject had been dealt 
with. At one end came the purely sanitary aspect of the matter in which 
the problem was one entirely of a convenient method of disposal. The 
medical section had naturally emphasised this aspect of the problem 
and had drawn attention to the practical difficulties of finding enough 
storage room in the vicinity of cities for the daily accumulating material 
without detriment to the h^lth of the neighbourhood, the menace of flies, 
the need for the handling of the material frequently a disgusting enough 
work in all conscience—and had pointed out the advantages of the in¬ 
cineration method. At the other end came the agricultural aspect of 
the matter, the necessity of utilising an admittedly valuable manure in 
a country like India where it would be almost folly to allow it to go to 
waste as is being done now.' The process of converting the material 
into an imobjectionable form suitable for convenient handling and trans¬ 
port on a sufficiently large'scale assumes then a business character to the 
municipalities .concerned and the element of profit aiid lo«s begins to 
enter into the question. At present otdy haphazard middle courses 
were, what were being followed, in which the sanitary aspect generally 
predominated. 
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The demonstration in the morning of the Indore process should 
eertainly have been of great interest to all the visitors as it was to him 
personally. That in the course of the first four days itself in the heap 
the material should cease to be offensive is a very striking fact indeed. 
This and the freedom from flies will be the chief features in favour of the 
method. It is also easy to see that by distributing the compost centres 
in two or three parts of the town, the difficulty of large storage space, 
which is a real one, can be overcome. In contrast with the method 
adopted in Mysore, however, the material turned out in Indore in the 
stage in which it was soon this morning is both coarse and wet but very 
much cheaper. The Mysoin material is much drier, is free from coarse 
large particles and is in a powdery condition looking almost like a heap 
ol‘ dai'k coloured earth. To that extent it should bo considerod richer 
and better fit for handling and transport. In Mysore, use is also made 
hi the composting pi-oc-oss of the sewage of the city. This is likewise an 
important feature as the tendency in all modem towns and cities is to 
instal waterclosot systems and a method which will dmnltaneously utilise 
both town wastes and sewage will bo the one most suitable. 

The iMysoi’o Cfimpost' is being used with advantage largely as manure 
for sugar-cane fields on the Government and the Sugar Company’s Fanns 
as stated in the Presidential Address. With more propaganda its use 
may extend to ryots' fiekls and for other crops. The question of cost- 
however is an imprtrtant. factor if its use should extend and we seem 
to be up against a real difficulty iu this regard, because it is very difficult 
to reconcile the desire of the municipalities to see no reduction in their 
rec-eipts from the sale of city wastes and that of the cultivators to get 
the compost cheap. The Indore price of four annas a ton is oxcoodingly 
cheap and almost unbelievably so compared with Mysore. If both hero 
and (ilsewhere the stuff can be prepared for sale at or about this price, 
it will be taken up most, readily by ryots ; in fact the supply may not bo 
('(|ual the demancl; and the problem from b()th the sanitary and agricul¬ 
tural view-points will have boon solved in the most satisfactory mamier. 

Mr, F. K. Jackson (Indore) expressed doubt whether the use of 
molasses as described fell within the definition of * the making of huraus 
flio lignin predominant as a source of sctil humus being absent. The 
discussion had omphasizod the immense importance of utilising wastes 
by coinj)ost.ing and had enabled a (lomparison of existing methods' and 
consideration of future possibilities. He explaineil that the Indore 
habitation waste compost which delegates hail seen was oidy about 21 
dajm from the charge. Its imiocuous nature at that stage satisfied tho 
medical authorities and the demand from cultivators seldom allowed 
fully ripe compost to be sold. 


Sections of Medical and Veterinary Research 
and Physiology. 

IV. THE PROBLEM OF NUTRITION IN INDIA. 

A symposium on ‘ The Problem of Nutrition in India ’ was hold in 
a joint meeting of the Physiology and Medical SeStions held under the 
auspices of the Indian Science Congress. 

Dr. "Vy. Burridge was in the chair. In opening the discussion he 
pointed out that the nutritional standardi fixed by Voit and others for 
Western people were not rigidly applicable to Incfia. He said that the 
basal metabolism and caloric requirements were distinctly lower than 
in Western countries and due note should be taken of this fact in deciding 
upon dietary standards in India. 

Dr. W. R. Aykroyd referred to common diseases like stone, night- 
blindness, etc., prevalent in India, which are connected with faulty nutrition. 
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He disousaed the analogies and differences between human and cattle 
stone and experimental stone in rats and suggested that vitamin A-defi- 
ciency might be a causative factor in the production of stone. Ho said 
symptoms of vitamin A-deficiency were quite common among childem 
in southern India. He pleaded for greater co-operation between nutrition 
research workers, agricultmal experts, statisticians and economists. 

Db. H. E. C. Wilson pointed out the importance of obtaining dietary 
standards for Indian populations. Data obtained from orphanages in 
Calcutta, he said, where diets were poor, when compared to the European 
standards, did not appear to be associated with a proportionate amount 
of ill-health. Measurements of the A.C.H. (arm-chest-hip) index of nutri¬ 
tion indicate that children in an orphanage are 50%, while those in a 
better class school 12% below par. As a general measure increased 
consumption of milk was advocated. 

Db. B. C. Gttha pointed out that although typical deficiency diseases 
might be relatively rare, the vast majority of the Indian population were 
living on a subnutritional level, which would inevitably undermine their 
powers of resistance. This question of affording optimum nutrition 
to the people hod assumed prime importance throughoiit the civilized 
world and mere absence of typical disease was no longer considered a 
sign of optimum health. A survey of the incidence of malnutrition in 
India was necessary. A detailed survey of the nutritive values of Indian 
food-stuffs and also of the deficiencies of Indian dietaries had been taken 
up at the Indian Inst itute for Metlical Research at Calcutta and many 
useful observations of the partietdar nutritive values of individual food¬ 
stuffs had already boon made. It was by relating these different lines of 
investigation that model dietaries for different categories of the Indian 
people could be constructed. Proceeding, Dr. Cuba pointed out the intimate 
relations between Nutrition, Agriculture and Public Health and pressed 
for a close liason between those departments. Ho pleaded for the adoption 
of a national food policy for India, which had been so powerfully advocated 
by Sir F. Gowland Hopkins and Sir John Orr in Great Bi'itain. The 
policy of laisaez faire was fatal. Finally, Dr. Guha suggested the formation 
of a Central Committee for co-ordinating the nutritional investigations 
at different centres in India. 

Col. a. Olveb said that, as the Animal Husbandry Export, he was 
deeply interested in the subject of nutrition. He pleaded for more work 
on the effect of nutrition on disease resistance and the health and develop¬ 
ment of domesticated animals. Ho pointed out an example, where blind 
calves were produced owing to vitamin A-deficiency in the diet of cows. 

Lt.-Col. H. E. Shobtt said that one should attempt to find a diet 
for adults, which contained no milk, as, in his opinion, milk was the natural 
diet of infants only. Dr. Mathur pleaded for a reform in the method 
of cooking. Dr. V. R. Rajagopalan wished that greater attention were 
paid to the nutrition of cows, so that the milk produced might not 
be deficient in essential factors. Dr. B. M. Gupta pointed out the necessity 
of an accurate chemical examination of all principal food-stuffs, which 
was overdue. The importance of exercise, light and air was emphasised 
by Mr. N, M. Basu, so far at least as the problem in Bengal was concerned. 
In a paper sent by Dr. K. P. Basu he pointed out that in biological value 
the proteins of green gram were superior to those of lentil. 

Finally, according to the suggestion of Dr. B. C. Guha, an ‘ Indian 
Nutrition Committee ’ was set up with the object of co-ordinaiing nutri¬ 
tional work, that is being carried out at different centres in India. The 
Committee has been composed of the following with powers to co-opt:— 

Mr. N. M. Basu, Dr. B. B. Sarkar, Dr. H. E. C. Wilson, Dr. W. Burridge, 
Dr, Mathur, Dr. S. N, Ray, Dr. W. R. Aykroyd, Dr. Niyogi, Major Bhatia, 
Dr. Rtdunan, Dr. K. P. Basu, Miss Mason, Dr. B. Narayan, and Dr. B. C, 
Guha (Secretaiy and Convener). 
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Section of Geology and Geography. 

V. THE CLASSIFICATION OF THE ARCHJIAN ROCKS 

IN INDIA. 

The President in his introductory remarks pointed out tliat ttiere was 
no general agreement among the se^'eral workers in the Arohsean tracts 
of India regarding the classification and correlation of these ancient 
rocks stated. This disagreement was in no small measure due to the fact 
that the scattered occurrences of the Archaean rocks were so widely sepa¬ 
rated, that it made it almost impossible for any single field geologist to 
got a i)ersonal acquaintance with the typical characteristics of each separate 
region. Suggesting that sucfi an oct-asion, wii 'ii geologists from tho 
various parts of India had met together, formed a most suitable oppor- 
timity for a mutual exchange of views on tlio vexed question, ho requested 
Sir Lewis Fermor who had dovot ed more than 30 years of his life to an 
intimate study of many of the Archa?an tracts of India, to lead the 
discussion by giving an account of his views on tho subject. 

SiK Lifiwis Fermou opened his observations with a reference to the 
firet part of his Memoir on the Archa^ans of India, which he saiii was in 
the press and woidd be issued sotni. He stated that he had therem 
divided tho Arehscans of Peninsular India into two main regions—the 
('hanio<-kitic and the non-Charnockitic. These two regions were further 
subdivided into provuices on the strength of geograpliical positktn, litho¬ 
logical oharactgUj. and associated ore deposits. Thus, in the uon-Char- 
nockitic regiq^Hfi subdivisions or provinces, viz., 3 iron-ore provinces 
of Mysore, C^^B^Bastar, and Smghbhum; 3 mauganesc-orc-marble 
provuices of i^Hpur-Balaghat, Narbada-Son valleys, and llajputana ; 
and 4 igneodj^^mvinces of Hyderabad, the Satpuran protaxis, Bundel- 
khand, and tlBRssnm plateau, were grouped. In the more highly meta- 
morphic Charnockitic region, H ]irovinces w«'n* groupi'd into iron-ore 
provinces and manganese-ore-marbli' provinces as before, with the use 
of an additional criterion the abimdance of garnet or otherwise. 

Speaking on tho correlation of tho Archieans. Sir Lewis referred to 
some of tho general features which had been dealt with in his Presidential 
Address to the National Institute of Sciences of India and also in the 
Introd ’ctory chapter of his Memoir which was in the press. Referring 
to certain details of coirelation, he stated that the recent work of Dr. 
Krishnan had shown that the Gangpur series of Bihar and Orissa were the 
equivalents of the Sausar series of the Central Provinces. He regarded tho 
kodurite series as hybrid igneous rocks formed from equivalents of the 
gondito series, and pointed out the possibility of establishing an accept¬ 
able correlation by using the gonditic rocks as a datum line. Tho Dhar- 
wars of Mysore appeared to him to be partly akm to the Sakoli series of 
the Central Provinces and in part to tho Iron-ore series of Singhbhiun ; 
and tho Sakarsanhalli series suggested a relationship to tho gondite series. 

Tho khondalites represented a higher grade of metamorphism, and 
in the Eastern Ghats province Sir Lewis considered the khondalites to 
have been formed in a deeper zone than the normal typo of ArchsBaus as 
represented by the Dharwars and to have been subsequently uplifted. 
To this uplift was probably to be attributed tho absence of Parana rocks 
in the Charnockitic region. 

In concluding his remarks. Sir Lewi's pointed out the uncertainty 
of correlating of the Archseans of Peninsular and Extra-Peninsular 
India. 

Mr. D. N. Wadia spoke about the Archseans of the North-western 
Himalayas. He stated that the Archasan rocks there occupied tracts of 
northern Hazara, Indus Kohistan, Gilgit, Ladakh and tho Zanskar range. 
The granites axid gneisses of those areas were considered by Stoliczka 
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and Lydekker to be Arohsean (Central Gneiss), while the phyllites and 
schists were regarded as metainorphosed older Faleeozolcs. McMahon 
had established the intrusive nature of much of the Central Gneiss and 
he believed they were of considerably later age, ranging from Palaeozoic 
to Tertiary. Since 1928, the speaker had been worlong in the crystalline 
area of the Hazara-Kashmir syntaxis, and the results of his field work 
tended to prove that the Archseans (Dharwars) of that part of the 
Himalayas were largely of sedimentary origin. These rocks which had 
been named the Salkhala series closely resembled the Jutogh series of the 
Simla Hills. The uuconformable relations of the Salkhalas to the Puranas 
and the fossiliferous Cambrians were observed in some sections. The 
gneissiflcation of the Salkhalas at many places and the wide prevalence of 
later intrusive granite-gneiss in the Central axial ranges made it difficult 
to separate any remnants of the Archaean gneisses in the Complex. The 
Great Himalaya Range west of Ladakh was found to be largely consti¬ 
tuted of the Salkhalas converted into para-gneiss, and the Nanga Parbat 
(26,620') massif was almost wholly built of those rocks with intrusive 
blotite-granite of Palsco-Mosozoic age and honiblonde-grauite injections 
of post-Eocene period. South of that range the Salkhalas showed a 
steadily decreasing gi’ade of motamorphism, and some of the rock elements 
showed remarkable resemblance with the Dhaiwar rocks of Rajpiitana 
and Singhbhum. Mr. Wadia thought it probable that the Creat 
Himalaya Range represented the basement of the ancient Peninsular 
Archseans on which the Tothyan seciiments wore laid down. It thus 
denoted the Himalayan protaxis. 

The speaker said that there wore no Archseau outcrops between the 
Aravalli and the Kashmir Himalayas, except tho few straggling hillocks 
of Kirana and Sangha, which probably represented the unburied peaks 
of a suspected ridge buried under the Punjab alluvium. 

Mb. W. D, Wkst spoke of the difficulty of bringing the Archffians of 
Rajputaiia into tho ‘ picture ’. Dr. Heron's work had showii that tlio 
Bimdolkhand gneiss was older than tho Aravalli series which represented 
tho lowest division corrospondmg to the Dharwars. Elsewhere, in Penin¬ 
sular India, none of the gneisses wore definitely established to be older 
than the Dharwars. There was also some difficulty in fitting the Archieans 
of Peninsular India with Dr. Heron’s classification in Rajputana. 
If the Sausar series of the Central Provinces were to be correlated with 
one of the three metamorphosed sedimentary systems in Rajputana on 
lithological grounds, it was clear that they bore most resemblance to the 
Delhi system. But the fact that manganese occurred in the Champaner 
scries—which was the same as the Aravalli system—equally well suggested 
the correlation of the latter with the Sausars, though the two were not 
alike lithologically. Whether the classifications matched properly or 
not, the probability of the Aravalli strike in S.E. Rajputana cur\dug 
rotmd so as to join up with the E.-W. strike of the Central Provinces 
remained clear. 

i, Mr. West then referred to the Himalayan area and stated that in 
order to ascertain the age of some of the crystallines in that region by 
raiiioactive methods, some specimens were selected and sent to Dr. Dubey. 
The results of the latter’s experiments were yet awaited. 

Mr. West also alluded to Mr. Auden’s work in the Himalayas, which 
had shown evidence of an Aravalli strike. 

Mb. D. S. Bhattachabjbb spoke on his recent work in the East 
Bhandara district, C.P., which disclosed certain interesting features tuid 
which were very suggestive to him in solving the problem of the classifica¬ 
tion of the Archseans of India. Mr. Bhattaol^jee stated that the tract was 
bounded by rocks with the three regional strikes, viz., the Satpura, 
Eastern Ghats and Godavari strikes and itself showed numerous evidences 
of balanoing of the directed pressures responsible for these strikes. In 
the deeper vertical zones of metamorphism, granite-Uke rocks with what 
could be described as ‘ triangular ’ foliation were developed; while in the 
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higher zoiieti, foliated rocks closely resemblir^ the Saiisars, Sakolis, 
Cuddapahs, etc. were found. According to him , those rocks were mere 
metamorphic variants of one and the same group of rocks involved in 
different proportions and altered under different conditions at different 
periods of time. 

The speaker thought that the study of the Archseana of India 
had so far been almost wholly confined to belts characterized by effects 
of singularly dominant directed pressures and that was probably the reason 
for the general disagreement of the varioos investigators on the method 
of classification of these rocks. It appeared to him very likely that 
when the largo tracts outside those bolts would be oxaminod, many zones 
of balanced directed pressure might be foimd and that the study of such 
areas migKt throw more light on that highly controversial subject. 

Mb. M. B. Kamaohandra. Rao spoke of the metamorphic recks of 
the Sakarsanhalli area {in Mysore) which had figured rather prominently 
in the correlation of the Archseans, The results of detailed mapping 
and examination of this belt had already boon published in a Bulletin 
of the Mysore Geological Department. The rocks occurred as small 
included patches and lenticular bands along with the hornblende-schists, 
in the intrusive granitic gneisses, and the speaker was indebted to the 
President of the meeting for having suggested a possible stratigraphic 
sequence which could be deduced from the geological section given in 
the Bulletin referred to. According to that view, the metamorphic 
rocks of Sakarsanhalli appeared to dip luiderneath the hornblende-schists, 
but whether the stratigraphic relation could be actually established or 
not was loft entirely to future work. 

Regarding the correlation of the rocks with the gondites, the speaker 
said that nothing further could be definitely stated. The manganese 
garnet of Sakarsanhalli had raised some discussion and had been com¬ 
mented upon by Sir Lewis Fermor who showed its relationship in com¬ 
position to the garnets from the gondite-kodurif e series. Originally, the 
analysis of the Sakarsanhalli garnet had been interpreted rather differently 
since it was neither so highly manganiferous as the gondite garnets nor 
BO highly calcic as the kodurite garnets. The CaO in the particular 
specimen had been treated as rather exceptional but the comparison 
instituted then had no implication of correlation. However, subsequent 
to Sir Lewis’ paper on the Manganese-Lime series of garnets, the speaker 
was engaged in studying some of the published analyses of many garnets 
from vprious parts of the world and the inspection of those analyses had 
shown him that a few of the garnets from extra-Indian localities could 
easily bo shown to lie within the gondito-kodurite ganxot field plotted in 
Sir Lewis’ diagram, though the typical manganese-lime series appeared 
to be rather rare outside India. The subject was under further investi¬ 
gation and he hoped that Sir Lewis’ view regarding the importance of 
the peculiar metamorphic associations in correlation problems would 
ultimately prove possible to bo established. 

Dr. S. K. Roy remarked that Sir Lewis’ suggested classification 
of the Archasans into two main regions and their further subdivisions 
was most interesting and hoped that further investigation by Indian 
petrologists would prove the validity of Sir Lewis’ classification. The 
speaker, with his staff and students of the Indian School of Mines, had 
carried out some detailed mapping and petrological investigations of the 
Dharwars round the Jharia Coal Field and the Mica mines of Kodanna 
during the peat eight years. Those areas were however ‘ little ’ in com¬ 
parison with those with which Sir Lewis or Messrs. Wadia, West or Rama 
Rao were acquainted with and on the experience of which they had based 
their classification. But, so far as the work carried out by the speaker 
and his associates was concerned, they had found Grubenmann’s system of 
classification and general nomenclature of metamorphic rocks quite satis¬ 
factory. Grubenmann had proposed to group the Kristallinenscheifer 
into twelve groups, while ^ Z,«wis grouped the Indian metamorphios 
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into 18 provindes. Grubenmann’s classificatioti was followed nowadays 
in many parts of the world and the speaker believed that although 
the 18 groups of Sir Lewis showed individual provincial characters—wliich 
were of course, somewhat different from what was usually understood 
by the provincial characteristics of igneous rocks—ultimately many of 
the rocks of those provinces might be fitted up with Grubenmann’s 
classification. The speaker thought, for that purpose, careful chemical 
analyses, calculation of the Niggli values of those analyses and the pro¬ 
jection of their various ratios on the Niggli-tetrahedrons, wore necessary. 
-Those data would not only determine the original igneous or sedimentary 
nature of the rocks but also the positions of the latter in Grubenmaun’s 
scheme would be made clear. 

As suggested by Sir Lewis himself in his Presidential Address to the 
National Institute of Sciences, Dr. Roy thought it would bo bettor to 
follow as far as possible Grubenmann’s classification of the metamorphic 
rocks to (ilassify the Archiran rocks of India with, however, occasional 
modifications to meet the local needs. 

Sia Lewis Fermor t hen replied to some of the questions W'hich had 
been put to him. In reply to Dr. Roy’s remarks, ho stato<l that his classi¬ 
fication of the Arohjeans into the Charnockitic and non-(Jharnockitic 
regions and their furtlior subdivision into pj'o\’inces were based on a 
different conception altogether and had no specific relation to 
Gruberunann’s scheme. 

The President thanketl the several speakers for their valuable con¬ 
tributions to the discussion and concluded the pioceedings M'ith the 
following remarks:— 

‘ The problem no doubt presents considerable diffi<-ulties. A good 
deal of mtonsive field work in the several regions of Archaean rocks and 
a careful co-ordination of the n'sults of such work are still necessary 
before any final solution cun be reached. The classification of the 
Archaean tracts into provinces and sub-pr()^•incoa based oix mineralogical 
constitution and the assotaatiou of epigenetic, ores will undoubtedly 
help to split up the complex foimations into e,onvonient sections, but 
for purposes of eoiTelation of the different isolated formations, it will 
have to be verified and supplemented by intensix’o pof rogonef ie studies 
of many of the apparently allied types. The correlation of discoimected 
formations of Archa*an rocks of widely separated areas on the basis of 
the occurrence of any particular lithological type as a recognisable datum 
line is not always reliable. But still, in the case of the Archscan rocks 
several clues will have to be followed and tho publication of Sir Lewis’ 
Memoir will be eagerly awaiied by all students of Archaean Geology to 
see the lead he gives for amplified application of his line of study. 

‘ Mr. Bhattacharjee’s startling inference that tho granitic rocks with 
‘ triangular foliation ’ and the rock groups do8eriV)od as the Sausars, 
Sakolis and Cuddapahs in the Central Provinces, are the resultants of 
directed pressure of one and the same mass of granitic material along 
different zones in a vertical column is not likely to find favour with other 
geologists acquainted with the region. It is not unknown that in the 
Archtean Complex, rooks of different modes of origin, involved in various 
processes of alterations have been rendered almost alike to outward 
appearance, and the task of the field geologist is, if possible, to sort them 
out from such confused jumble. In the Archaean complex of Mysore, 
which had been believed till now to have consisted almost entirely of 
igneous material, rocks of clearly recognisable sedimentary features are 
being traced and therefore considerable caution will be necessary before 
any extreme views could be formulated regarding the genesis of these 
complex formations. Attempts have been frequently made to classify 
the Archaean rocks into different groups based on lithological characters, 
but the question as to how far the crystalline schists as exposed in the 
several parts of India could be constituted into separate stratigraphic 
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divisions in each of such regions, on the recognition of reliable evidences 
of break, seems to me to merit further detailed investigation. This 
involves a more intensive field study of the several exposures of conglo¬ 
merates which might be found in the different regions of the Dharwar 
schists. I have already stated in my address that in Mysoie from amidst 
the confusing types of ‘ conglomeratic rocks ’ of diverse modes of oiigin, 
two clearly marked horizons of what could bo regarded as hami conglo¬ 
merates are recognisable in the belts of Dharwar schists. The older set 
is characterized by the occurrence of peboles of only quartzites whereas 
the younger contains in addition pebbles of granitic rocks, suggesting 
thereby the probability of some of the granites being really older than a 
section of the crystalline schists which arc all at present grouped as one 
unit. 

‘ This fact of the probable existence of a granitic series ohler t han a 
section of the crystalline schists included mrder the Dharwars, leads me 
to offer a ftiW remarks on the still cont-roversial stratigraphic posit ion of 
the Aravalli ai\d the Delhi systems in the Arcluean rocks of India. 1 am 
personally imacquaiated with much of i.hes(‘ formations and if 1 venture 
to offer any remarks they may be regarded more as suggestions than as 
positive statements. The Aravallis of Itajputana and the ('hampauer 
series of Uujerat seem t o be now regarded as of one and the same formation, 
Wlion I had an opportimity of making a hurried study of t,h(' latt,er as 
exposed iu the southom parts of ti)e Bariya iStato, 1 got the impressioir 
that. i)ortions of the Champauer series resembled very muc‘h in appeai'anee 
the rocks of the ‘ujipor division’ of the Dliarwar scliists of Mysore, and 
also that tlu' quartzites and shales exposed further norl.li fonning a major 
portion of the State bore an extraorilinary striking resemblance to the 
recorded descriptions of the Idar Quartzites aiui Vhyllitos of Mr. 
Middlemiss, and parts of the Dellii Quartzites of Dr. Heron. Between the 
tyjjical (^Immpaner I)ed8 and those quartzites there is a zone of eoiiglo- 
raorale which at the time when I examined seemed tome t o bo autoclast ic, 
but whether it is so or not needs verification bv closer inrestigation and 
detailed majipmg. At any rate, in that region, the t3q)ieal Champaner 
beds come in ctontact with the series of quartzites and shales or phyllites, 
comparable in character to the types described as forming parts of the 
Delhi Quartzites. All these foimations bear a close resemblance in their 
lithological character to coiTesponding types of the middle and the upper 
ilivisions of the Dharwar schist s of Mysore in ac<-ordanco with the classi- 
ficatiion C have tentatively proposed in ray address. On the strength of 
the occurrence of a series of granites older than a portion of these 
crystalline schists, it would bo a pomt for consideration, if parts of the 
formations now classified as Aravallis, Champaners, ami the Delhi 
quartzites, may not correspond to the ‘ upper di\ i8ion ’ of my classi¬ 
fication of the Dharwar schists of Mysore. 

‘ Let mo also say a few words regarding the Sakarsanhalli scries of 
Mysore. This series seems to have attained more prominence for purposes 
of correlation than the actual facts warrant. 1’he Sakarsaulialli 
rocks form a series of a few insignificant outcrops scattered about iix the 
granitic gneiss, and however interesting they may be from a petrographic 
point of view, they furnish very little data for purposes of a reliable 
correlation. The question of their origin, whether they are merely the 
metamorphosed fanios of the Kolar liornblendic schists of igneous origin, 
or whether they constitute thermally altered representatives of an assem¬ 
blage of a mixed series of sediments, may bo taken as still imsettled. 
The occurrence of mangaiuforous marbles in the series has su^osted its 
alliance with the gondite series of the Central Provinces. Manganiferous 
dolomites and limestones are formd further west of the Sakarsaixhalli area 
in the * middle division * of the Dharwar schists, and in some parts where 
the rocks ar® thermally metamorphosed manganese silicates are also fomxd 
devdoped in such limestones. The Sakarsanhalli limestone slireds with 
their manganiferous silicates may perhaps represent the remnants of a once 
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continuously folded series of limestones, but reliable evidence is still 
lacking to prove this conclusively. 

‘ For a successful solution of the problem of the correlation of our 
Arehsean rocks I think it is necessary, for each large area where they are 
ts^ically exposed, to record how far it is clearly possible to classify the 
schists into different divisions on probable stratigraphic breaks,,and when 
this has been done, to arrange for a joint investigation of such typical 
areas by a small body of experienced field geologists consisting of individuals 
representing the regions on which they have unqu^tionable knowledge,’ 


Sections of Botany and Zoology. 

VI. BIOLOGY TEACHING IN SECONDARY SCHOOLS. 
K. A. Patwaedhan, Indore. 

A meeting of the combined sections of Botany and Zoology was held 
again this year, during the 23rd Session of the Indian Science Congress, on 
the 7th of January, 1936, in the room of the Botany section to discuss 
‘ The teaching of Biology in secondary stshools This question was already 
discussed last year at the Calcutta session and it was then postponed to 
be taken up again at the Indore session. Mr. Patwardhan opened the 
discussion and put forward an outline of the views ho held in the matter. 
He was also able this year to put up his scheme about making it possible 
for the syllabus to be incorporated in the teaching curriculuras of schools. 
The question was then placed for the discussion of the body. The body 
was of opinion that a complete revolution in the methods of education 
was necessary at the present time and it seemed to be generally recognised 
that it would bo well if systematic instructioti in science formed an 
integral part of the school work. The result of the discussion may bo 
summarised thus;— 

(1) The best preparation for any profession or occupation was a 

. general education up to the stage reached by an average boy 

it at the age of say 16 to 18. 

(2) This general education should provide normally for the study 

of Bnglish, Vernacular, History and Geography, Mathematics 
and Natural Science. 

(3) Systematic instruction in Natural Science should thus form a 

compulsory part of the general course of education in every 
secondary school. 

(4) The present science curriculum (this is one of the optional 

subjects at present) in practically all schools consists of a 
laboratory course in Physics and Chemistry. That these 
two subjects will form the main parts of the science syllabus 
but this does not mean that boys should leave the school 
with t^ idea that science consists of Physios and Chemistry 
alone. 

(5) Hence the study of Biology, beu^ pre-eminently a study 

natural to boys and girls, should also be an integral part of 
tiw compulsory science course. 

(6) That this course in science should not be planned as if the 

main object was to lay foundation of a specialised study 
at a later period. {ThM is the state of t^airs now.) 

(7) The course in compulsoiy science, therefore, for boys and girls 

up to the High ^hool-stage, should be self-contained and 
designed to g^ve special attention to those phenomena winch 
cure matters of eve^>day ei^rience and as such, closely allied 
and conn^ijlted with tiie daily needs of life. 
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Before putting up the above views of this body for the consideration 
of the Executive Committee of the Indian Science Congress Association 
for further action it was deemed necessary that the conditions as they 
exist to-day in the different provinces in India bo first examined and 
Bonitinised and then definite recommendations be put forward to the 
Executive Committee to enable them to take further steps in the matter. 
A sub-committee was therefore appointed, on the spot, consisting of the 
following members representing different Universities. This committee 
was given full powers to co-opt more members to enable it to complete 
the work and get its report ready for the next session of the Indian 
Science Congress to be held at Hyderabad in January 1937;— 

1. Dr. B. K. Das, D.Sc. (London), Professor of Zoology, Osmania 

University College, Hyderabad (Deccan). 

2. Mr. M. C. Sethi, M.Sc., Professor of Botany, Forman Chris¬ 

tian College, Lahore. 

3. Prof. N. K. Towari, M.Sc., Itotanic Department, Benares 

University, Benares. 

4. Dr. F. H. Graveley, D.Sc., F.A.S.B., Superintendent, Government 

Museum, Museum House, Egmore, Madras. 

5. Dr. H. K. Mukerji, M.Sc. (Cal.), D.Sc. (London), Head of the 

Department of Zoology, Calcutta University, Calcutta. 

6. Dr. S. K. Pande, D.Sc., Lucknow University, Lucknow. 

7. Dr. C. B. Rama Rao, B.A., M.D., President, Natural History 

School, Bangalore. 

8. Dr. M. K. Gupta, D.Sc., Beawar College, Beawar (Raj). 

9. Mr. K. A. Patwardhan, M.Sc. (Secretary of the Committee). 

it is proposed that the following members be co-opted: — 

1. Dr. Y. Bharadwnj, M.Sc., Ph.D. (Lond.), Professor of Botany, 

Hindu University, Benares. 

2. Dr. T. Ekambaram, M.A., Ph.D., Presidency Collogts, Madras. 

3. Dr. E. K. Jariaki Ammal. M.A., D.Sc., Sugar-cane Geneticist, 

Coimbatore. 

4. Dr. B. L. Bhatia, D.Sc., F.L.S., Professor, Government 

College, Hoshiarpur. 

5. Mr. N. C. Chatterji, B.So., F.R.E.S., 7, Rajpur Road, Debra 

Dun. 

b. Mrs. Sarojini Datta, M.A., M.Sc., Professor of Botany, Bethuno 

College, Calcutta. 

7. Dr. J. B. Seth, D.Sc., Department of Physics, Lahore. 

8. Dr. Birbal Sahani, D.Sc., F.B.S., University Professor of 

Botany, Lucknow University, Lucknow. 

9. Dr. K. N. Bahl, Ph.D., D.Sc., University Professor of Zoology, 

University of Lucknow, Lucknow. 

10. Dr. Baini Prashad, D.Sc., F.R.S.E., Indian Museum, Calcutta. 

A. What is science ? Is it suitable for instruction in schools ? 

(1) The definition of science. 

(2) Which is suitable for the instruction of students in schools— 
(a) The habit of scientific thinking or (6) subject matter ? In other words, 
should it be formative or informational, mind training or mind filling ? 

(3) Both are equally necessary and it is the duty of the science 
master to see that children are provided with a profusion of intelligently 
organised sensory contacts, and they are direct^ towards the problem¬ 
solving attitude of mind. 

B. Why should science be taught in schools ? 

(1) Science teaching gives students a new appreciation of their 
commonplace environments. ^ 



566 


Twmty-third Indian Science Congress. 


(2) Science teaching should make students familiar with the tre- 
mondoxis reservoir of new knowledge which needs but to be applied in 
the various fields of human endeavour to make them 3 deld a hundred¬ 
fold. 

(3) Science teaching should teach students the value of scientific 
thought and impress on them the need of training in such thinking. 

C. How should the material be selected for science teaching ? 

The principles to be followed :— 

(1) The material selected should be inherently interesting to the 
pupils, and science should be introduced in all schools in the form of 
nature study wliich sliould aim at arousing an interest in animal life, 
plant life and natural phenomena, and at developing the power of obser¬ 
vation. 

(2) The topics selected should be of large social value. Therefore 
topics should be selected from biology, physics and chemistry dealing 
w’ith large scientific principles, with the way in which these principles 
are exemplified in farniliax phenomena and with their application in the 
service of man. As the science of biology teaches all parts of social 
life, we cannot afford to neglect it as we are doing at present. 

(3) It should be material that will lend itself readily to the accom¬ 
plishment of the aims in science teacliing. Besides being interesting 
and of large social value it should be material which will develop the 
student’s powers of weighing and interpreting evidence and thus promote 
in him the scientific method of thinking. 
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OFFICIAL. 


A, RULES INDIAN SCIENCE CONGREvSS. 


At inoc5iin|2^ of tho Kxt*f*iitivo Coirnruttt^e of tlu‘ Congi’css held on 
Friday..January 3. 1936. in tlio Daly ('’oIIprp, Tndorp. thor|uos^ion <ifalter¬ 
ing rules 13 and 17 of the Indian .Scu'iict* Congross Assooiation I’pgarding 
the method of electing five members of the (Jeneral Commiltee t.o the 
Executive Committee and to the C )uneil was eonsidereil. Following the 
8iiggefition.s of this )neetmg the rules were finally an ended by the Ceneral 
Committee of the Congress at a meeting held on Monday. .January 6. 1936. 
The revised rules are jirinled below : 


NEW RULES. 

1. The name of the Association shall be the Indian Seienei' Congress 
Association, and its object shall be the advancement of Science in India 
by the annual holding of a Congress and the doing of all such things 
as are incidental or conducive to the above object, including :— 

(a) the holding and management of funds and property ; 

(h) the acquisition of rights and privileges necessary or con¬ 
venient for the object of the Assooiation ; 

(c) the management, development, improvement, disposal, and 
sale of all and any parts of the property' of the Association. 

2. The Association shall consist of Ordinary Momhers and Session 
Members. 

3. Ordinary Members of the Association shall have the right to 
contrihiito papers for reading at. the Session of the Congress, to receive 
free of charge all publications issued by the Association, and to fill any 
oflfice in the Association on being didy elected thereto. 

4. The annual subscription of Ordinary Members shall bo Rs, 10, 
The subscription shall become duo on the Isl February of each year, 
and shall only be effective as a pajunent for Ordinary membership 
subscription if received before the l.’ith July' of the year. 

6. Any Ordinary Member may compound for the payment of all 
future annual subscriptions by the payment in a single sum of Rs. 150. 

6. There shall be three classes of Session Members :— 

(а) Full Session Membere—Subserijjtion Rs, 10 per Session. 

(б) Associate Session Members—Subscription Rs. 5 per Session. 

(c) Student Session Members—Subscription Rs. 2 per Session. 

7. Full Session Members shall have the right to contribute papers 

Ibr reading at the Session of the Congress, and to receive free of chaise 
all publications issued by the Association relating to the Session of the 
Congress of which they are Members. . . 

Associate and Student Session Members shall have 
submit papers for reading at the Session of the Congress of wmeh they 
are Members pWvided such papers be communicated through an Ordinary 
Member of the Association. 
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A Student Member shall before admission be duly certified by the. 
head of his Institution to be a bona fide student. 

8. The official year of the Association shall commence from the 
1st of February. 

9. There shall bo Officers of the Association consisting of the 
Members of the Executive Committee and Presidents and Recorders of 
Sections. 

10. Only Ordinary Members shall hold office in the Association. 

11. The term of office of all Officers of the Association exce])t the 
President, shall commence from the beginning of the official year and shall 
extend until the assumption of office by their successors appointed in 
accordance with the provisions of these Rules. The President shall 
assume office on the opening day of the Annual Congress following the 
one at which he is appointed, and shall continue to hold office until the 
assumption of office by his successor. 

12. There shall be an Executive Committee which shall carry on 
the administrative work of the Aasociation and submit such questions 
as it thinks desirable to a General Commifteo at its Annual Mcotmg during 
the Session of the Congress or at a Special Meeting of which duo notice 
shall have been given. 

1.^. The ExcxMjtivc Committee shall consist of the President, the 
President-elect, for the following year, the two General Secretaries, the 
Treasurer (who shall be the Treasiirorof the Royal Asiatic Society ofBengal 
for the time being), the Managing Secretary Twho shall he the General Sec¬ 
retary of the Roval Asiatic Society of Bengal for the time being), and 
five Ordinary Members elected by the General Commilleo. For the 
j)urpoao of this election any Ordinary .Member may propose the name of an 
Ordinary Member for election to the ExecutR'o Committfic. Such proposal 
must, be seconded by another Ordinary Member and must reach the 
General Secretary before the l.'ith Sciptember. The Executive Committee 
shall circulate these names, t,oget.hor with such other names not exceecling 
three, as it may suggest., to all Ordinary Members for election by ballot. 
The ballot papers will be scrutinized by the President and the General 
Secretaries, and the results of the ballot will b(' announced at the mooting 
of the General Committee. 

The Executive Committee siiall co-opt as Membere at least, one and 
not more than two Local Secretaries fbr the ensuing Session of the 
Congress. 

14. The Executive Committee shall have full power to transact all 
business in cases of emergency, notwithstanding any limitations herein¬ 
after laid down, and to deal with all matters not otherwise provided for 
in these Rules, including the making of such Regulations as may appear 
conducive to the good administration of the Association and the attain¬ 
ment of its object; provided always that such Regulations be not in¬ 
consistent with anything contained in these Rules, that they be reported 
for the information of the next meeting of the General Committee, and 
that they be subject to rescission or alteration by the Executive Committee 
or by any meeting of the General Committee. 

15. There shall be a General Committee which shall consist of all 
Ordinary Members of the Association, 

16. The General Committee shall meet at least once during each 
Session of the Congress preferably in the middle of the Session. 

17. There shall be a Council which shall consist of all Members of 
the Executive Committee, and all such Ordinary Members of the Associa¬ 
tion as have held office as President, General Secretary, Treasurer, or 
Managing Secretary of the Association, the Sectional Presidents for the 
ensuing Session, and in addition five Ordinary Members of the Association 
elected by the General Committee. For the purpose of this election any 
Ordinary Member may propose the name of an Ordinary Member for 
election to the Council. Such proposal must be second^ by anotlier 
Ordinary Member and must reach the General Secretary before the 15th 
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.’S^pWspaber. The Executive Committee ehall circulate these names, 
_io^ether with such other names, not exceeding three, as it may suggest, 
to all Ordinary Membera for election by ballot. T^e ballot papers will be 
Borutinized by the President and the General (Secretaries, and the results 
of the ballot will be^ announced at the meeting of the General Committee. 

18. The function of the Council shall be to act as a body of advisers 
to be consulted by the Executive Committee on important questions' of 
policy or scientific import. 

19. There shall be a President who shall be nominated by the 
Executive Committee and whose nomination shall bo submitted to the 
General Committoo at its Annual Meeting during the Session of the 
Congress for confirmation. 

20. There shall be two General Secretaries who shall be nominated 
by the Executive Committee and whoso nominaiion shall be submitted 
to the General Committoo at its Annual Meeting during the Session of 
the Congress for confirmation. 

21. The term of office of each General Secretary shall be for a period 
of five years following the confirmation of his appointment and ho shall 
bo eligible for re-appointment. 

22. In the e\’ont of a vatjancy amongst the General Socrotarios 
occurring between two Sessions of the Congress the Executive Committee 
shall have power to appoint a General Secretary for the period iij) to the 
termination of the next Session of the Congress. 

23. There shall be a Local Secretary or Local Secretaries for each 
Session of tho Congress who shall be appointed by the Executive Com¬ 
mittee. 

24. There shall bo a Local Committee for each Session of the 
Congress which shall bo appointed by the Executive Committoo. 

25. Tho Local Socrotar\’, or Secretaries, and tho T^ocal Committee 
shall jointly, on behalf of and in consultation with tlio Executive 
Committee, make all necessary arrangements for the holding of the 
Session of the Congress. 

26. For tho purpose of soiontific deliberation during fho Session 
of tho Congress there shall bo such Sections corresponding to different 
branches of scieneo as may from time to time bo constituted by the 
General Committee oiTthe recommendation of the Executive Committee. 

27. ■ There shall be Sectional Presidenis and Sectional Recorders 
who sLall be appointed by the Executive Committee. 

28. There shall be Sectional Committees which shall consist of the 
following :— 

(a) The President of tho Section (convener); 

(b) The Recorder of the Section ; 

(c) All Ordinary Members of tho Association who have been 

President or Recorder of the Section concerned ; 

(d) Two Ordinary Members elected by the General Committee at 

its Annual Meeting during the Session of the Congress. 

A Sectional Committee may co-opt two additional Ordinary Members 
of the Congress of whom one at least shall be resident in the locality in 
which the ensuing Session of the Congi’ess is to be held. 

20. The Sectional Committees shall meet on the openmg day of 
each Session of tho Congress and as often as may be necessary during 

the Session of tho Congress. „ 

In the absence of the President of any Section from any of its meeting 
the most senior member of the Sectional Committee present shall take 

Sectional Committee shall in its meetings during the Session of 
each Congress:— 

(o) nominate a Sectional President and a Sectional Reorder for 
next year’s Session of the Congress for the consideration of 
the Executive Committee; 
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(b) deifeemiine the detailed arrangements of the Sectional meetings; 

(c) select the papers to be read and discussed ; 

{d) delete by a two-thirds’ majority any abstract from final 
publication,in the Proceedings ; 

(e) determine the contents of the Sectional record in the Proceed¬ 
ings, observing the relevant provisions of E.ule 30. 

30. (a) Any paper submitted for reading at the Session of the 
Congress ^all be forwarded to the President of the Section concerned so 
as to reach him not later than a date to be fixed from time to time by 
the Executive Committee. 

(b) Any paper submitted for reading at the Session of the Congress 
shall be accompanied by an abstract in triplicate. 

(c) Any paper submitted for reading at the Session of the Congress 
shall be refereed by the Sectional President or by some person or persons 
appointed by him. Decisions with regard to acceptance or rejection of 
any paper shall be final and all reports confidential. 

(d) No paper published elsewhere shall be accepted. 

(c) No abstract shall be published in the Proceedings if the complete 
paper has not been available for reading before the meetings of a Section. 

31. The following procedure shall be observed for the making of 
any addition to or alteration in the Rules of tho Association :— 

(i) Proposals for additions to and alterations in the existing Rules 

may be placed at any time before the General Committee by 
the Executive Committee. 

(ii) (o) Proposals for additions to and alterations in the existing Rules 

by any Ordinary Member of the Association shall be sent 
to one of the General Secretaries so as to roach him two 
full months before the meeting of tho General Committee 
in which they are to be moved. 

(ft) One of the General Secretaries shall circulate such piuposals 
to all Ordinary Members of tho Association at least one full 
month before the meeting of the General Committee. 

(c) Any amendments to the proposals shall be sent by any 

Ordinary Member of the Association to one of the General 
Secretaries so as to reach him at least a fortnight before the 
meeting of the General Committee. 

(d) The proposals together with any amendments shall bo brought 

up before the meeting of the General Committee at its 
Annual Meeting during the Session of the Congress together 
with any remarks of the Executive Committee and declared 
carried if accepted by a two-thirds’ majority of the con¬ 
stituent Members present and voting at the meeting. 


(Adopted the 6th January, 1931. 
Revised the 6th January 1935, 
and the 6th January, 1936.) 
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B. INVITATION TO THE BRITISH ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE. 

* 

At tlie meeting ef the Executive Committee of tJie Congress held on 
January 4. 1935, in Calcutta the ({uostion of extending an invitation to the 
British Association to hold its 193S meeting ir> India was considered, 
193s being the .Jubilee year of the Indian Science Congress. The exib- 
corninittee ajjpointed to consider the matter nddre ^sctl a letter to the 
General Secretary, British .Association, inviting the British Association 
to hold its 1938 meeting in India jointly with the .Tiibileo session of the 
Indian Science Congress. The Secretary, British Association, wrote m 
reply that the Council of the Hritish .Association received the invitation 
with great interest, hut as it had already been lentutively armnged to 
hold the 193S meeting of the British .Association in Cambridge, the invita- 
ti<in could not be accepted a.s such, but alternat.i\’ely, tlii' British 
Association would be glad to send a representative scientific party to join 
the Jubilee session of the (.Vmgresa in .Fanuary, 1938. 

The letter was considered by th(‘ abovi* sub-committee nt its meeting 
on A])nl 12. 1935, and on their recommeii<lation nhich was confirmed (in 
eirculation) by the Exi'cutive Committee, T’rofs. S. B. .\gharl<ar and J. N. 
Alukherjee, who hu])j)ened to be jiroceeding to Englancl at the time, mot 
Profs. Boswell and Stratton, the General Secretaries and Dr. Howarth, 
the Secretary of the llritish Association, and discussed the matter with 
them. Prof. Alukherjee, who happened to join the British Association 
meeting at Norwich in 1935, further explained the fiosition nt a meeting 
of the General Committee of the British Association. Tins meeting 
accepted the im'itation and adopted the following resolution : 

‘ The General Conimil.t<=o consider that it is desirable that tho 
Association should accept the invitation to meet in joint session with the 
Indian S ience t’ongress .Association at the celebration of its Jubilee in 
the Christmas vacation, 1937-38, and authorise the (huncil to carry on 
negotiations with the Indian Science Coiigiess Association to that end.’ 

This resolution was considered at a special meeting of the Executive 
Committee hold on .lainiary 2, ltt36 and on their recommendation the 
General Committee of the Indian Seienee Congress Association nt a meotmg 
held in January, 1936 at Indore, adopted unanimously the following 
resolutions : 

(1) ‘ Resolved to invite n deputation of scientists from the British 
Association and elsewhere to meet in joint session with the Indian Science 
Congress Association in celebration of its Silver Jubilee in January, 
1938.’ 

(2) ‘ Resolved that the Executive Committee, with power to eo-opt._ 
be authorized to take the necessary steps in this connection and to report'^ 
progress to the General Committee in January, 1937.’ 
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C. MEETINGS OF THE GENERAL COMMITTEE, THE EXECUTIVE 
COMMITTEE AND THE COUNCIL OF THE INDIAN SCIENCE 
CONGRESS ASSOCIATION. 

C.l. Meetings of tJie. General (’ommitfcc. ^ 

A meeting of the General Of^ininittee of the Congress was held at 
1.46 p.M. on Monday, .Tannery fi. 19.36, in the Daly College, Indore, with 
Sir U. N. Brahmaeliari, General President, in the oliair. The following 
items of business were t.rnnsaeted : 

(1) The miniit(‘s of the Iasi two meetings of the General Committee 
held on 3-l-3.'5 and .0.1-3.5 in Calentta were read and.adoptofl. 

(2) Resolutions reeommending eerlain alt<'raiions to roles 1.3 and 17 
of the Indian Science Congress as suggested hy the Executive Committee 
wore adopted. These have been repcjrted in Section A. 

(3) Resolntions in connection with the qtiestion of extending an 
invitation to the British .Association were adopted. These ha\'e been 
reported in S(»ct.ion B. 

(4) Ordinary members to the Executive (\nnmitlee, tlie Council and 
the differejit sectional committees for the year 19.36-37 won' elected by the 
General Committee. 

(fy) The appointment of Rao Bahadur T. S. Venkataramaii as General 
President of the 24th Session was announced. 

(6) It was further announced that the 24th Session of the Congress 
would be held at TTyderabad (Deccan) fi'otn the 2nd to tlie 8th -lanuary, 
1937. 


C.2. Meetings of the Exeoaire Comunttre. 

A spc'cial meeting of th<' Exectitive Committee of the Indian Science 
Congress was held at 12 noon on Thursday. January 2, 1936, m the Daly 
College. Indore, with Sir C. N^. Brahma<harl in the (hair. Resolutions 
regarding the extension of invitation to the British Association were 
passed (mU Section B). 

A meeting of the Executive Committee of the Congress was held at 
1-46 p.M. on Friday, .January 3. 19.36, in the Daly College, Indore, and the 
following items of businoss among others were transacted : 

The Statement of a(;counte for the year 1935-36 presented by Prof. 
J. N.Mukherjeo in the absence of Dr.S. L.Hora, the Treasurer, was adopted. 

It was resolved h) have the accounts of the Congress profossiotially 
audited in future years. 

Regarding the surplus of the Local Committee’s fund it was resolved 
that in futun; the Local Committee should be requested to contribute the 
surplus to a reserve fimd of the Association. 

It was resolved ‘ that Rs. 12,000 should be invested in some redeem¬ 
able loan, the partioular loan to be decided by the Treasurer on the advice 
of the banks 

Resolutions were passed recommending allotment of a grant of Rs. 600 
to the Asiatic Society of Bengal in payment for the work done by the 
Society in 1936 on account of the work of the Congress and of Rs. 260 
each to ‘ Current Science ’ for the year 19S5 and to ‘ Science and Culture ’ 
for the year 19S6 re^ipectively. 

Resolutions to be placed before the General Committee were p^ed 
suggesting certain alterations of Rules 13 and 17 of the Indian Science 
Congress Association (vide Section C.l). 

Regarding the 24th session of the Conggess, to be held in January, 
1937, invitations from the Osmania University, Hyderabad, and the 
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University of the Punjab, Lahore, wore oousidered and it was decided to 
accept the invitation from the Osmania University. 

The appointment of Rao Bahadur T. S. Venicataraman as General 
President wa» confirmed. 

Presidents and recorders of the difToront sections were elected. 

C.3. Council Meeting. 

A meeting of the Council of the Indian S<M<'tice Congress Association 
was held at 3 r.M. on Thursclay. January 2, 1930, -in the Daly College, 
Indore. The following among other items of business were conducted : 

Regarding the alteralion of the method of electing the five members 
of the General Committee to the Executive Committee a id the five 
inei ibers to the Council it was agreed that an alteration was desirable 
ami suggestions regai'ding the alterations were made. 

On the basis of the suggestions reeeivetl in t.o a letter from 

the Gc'iieral Soc'-retary regarding improvements in he seientilie work of 
the Congress a sub-committee was apjioiiited to consider the matter and 
to report to the Council. 

Resolutions recoinmending extension of invitation to the British 
Association to send a deputation of scK'iitisis to |oin in the Jubilee session 
of t-iie Indian Science Congress in January, l!)3K, were passed (en/c 
Section B). 




ACCOUNTS. 

I. 

Accounts of the Indian Science Congress Association for the 
year ending with the .list December, Ifl.lii, 


Hkceipts. 


ExEBNnrrtJUE. 



Rs. 

A, 

P. 


Rs. 

A. 

p. 

To Balance 

18,916 

6 

2 

By Indexing 

96 

0 

0 

.. Interest on Fixed 




,, Contribution to 




deposits 

450 

0 

0 

A.S.B. 

1,000 

0 

0 

,, Subscriptions re- 




.. Coni ingencies . . 

476 

9 

6 

cei ved a/c Local 




,. Printing 

3,552 

0 

0 

sales, from Dr. 




., Travelling ex- 




Agliarkar and 




ponses to Dr. 




Mr. West 

857 


0 

Agharkar a;'c 




,, Contribution ro- 




21st Session, 




ceived from 




Bombay 

251 

2 

0 

Bombay Uni- 




,, Postage . . 

1,248 

6 

6 

versity 

500 

0 

0 

.. Wages 

59 

3 

3 

.. Life Membership 




Refund of sub- 




Fee 

150 

0 

0 

scriptions 

20 

0 

0 

„ Return of ad- 




Refund of Lt.- 




vances, a/c 




Col. O. B. Hill’s 




Printing (Ke.90- 

7) 90 

7 


* Admission fee 




„ Ordinary Sub- 




and sub. to the 




scriptions 

4,410 

0 

0 

N.I. of S. of 




,, Subscriptions . . 

1,185 

8 

0 

India 

68 

0 

0 





„ Balance :— 








In Bank 

337 

13 

11 





Fixed Deposits 

19.450 

0 

0 

Total 

26.659 

8 

2 

Total 

26,569 

5 

2 


S. J->. Hoba, 

Honorary Treasurer, 

Royal Asiatic Society of Bengal, 

Ajc Indian Science Congress Association. 
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Indian Boebnoe C!onobess, Inbobe, 1936. 

Statement of Receipts and Payments of the Local Reception Commi^\ 


4 

Racsiras. 

Expbndituhe, 


’—. 

Rs. A. P. 

Rs. A. 


To J)onutmia 

U. H. Maharaja 
Holkar 

„ Siitmriptmi 
Moiiiborh of Rooop- 
tion Coinmittoo . 


4,000 0 0 


1,277 0 0 


„Oth(r Beraipts ■ - 
Sale of Klxpursion 
*!’ickot« .. 705 0 0 

Sale of Convoyatu'o 
Tickets .. 396 0 0 

Boarding Ctiarges .. 2,064 0 0 

Rent of Stalls .. 1'60 0 0 

Advortifloments in 
(luid^Book .. 112 8 0 

MiaoellAneons Re- ' 

ceipts .. 23 0 0 

„ Indian ddunoe Con¬ 
gress Association :— 

Membership .. 863 0 0 

Ik 


Total 


9,680 8 0 


By Opgumg Ceremony 
,, Sectional Meetings 
„ Microphones 
„ Exhibition 
„ Accommodation 
Boarding ('barges 
„ Conveyances 
., (}iiid(‘ Book 
„ Musical Soii’A' 

„ Kxpursioiis expenses 
.-oxclading con 
I'cvancps 
,, Pliotograplis 
., Volunteers 
Badges 
,. Office Estahlishmout 
„ Stationery and 
Printing 
Telephone 
„i’os(age and 
TelegraniH 
„ Auiht Fees 
„ Report of the 
Session 

„Contingencies 
(Sundry Expenses) 
„ Subscription of 
Indian Science 
Congress Associa¬ 
tion Membersliip.. 
„ Balance m current 
account with the 
Imperial Bank of 
India, Indore, to 
be giv'en as dona¬ 
tion to the Jubilee 
Fund of the Indian 
Science Congress 
Association 

Total .. 


134 15 
.397 9 
383 12 
3.5 0 
386 8 
1.900 8 
1,779 12 
. 613 8 
2.")(J 0 


212 2 ( 
7.5 0 I 
301 7 
86 3 
433 0 

470 14 
30 0 

106 11 
50 0 

66 0 

104 8 


863 0 i 


995 0 


9,680 8 ( 


H. Q. Saxctb, 

Hon. Treasurer, 

Local BecepHe^onmittee. 

mi * 


K. A. PATWAaDHAJf, 
8. S. Deshafanm;, 
Hon. Load 


vjr 














